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Preface 



"Science r<>r All andlhe Quality ofLifc" isthc report of the UNESCO/APEID Regional Workshop 
on Science and Technology Education al Lower Secondary Level, held in Kalhmandu. Nepal. 12-21 March 
1990. It is published in two parts. 

Part I is the Source Book Nwhich has three chapters. Chapter One is on emerging policy and strategy 
aspects for science and technology education at the lower secondary level. Chapter Two discusses the 
implications for teacher trainingand orientation of other education personnel, the community and parents. 
Chapter Three a)ntains examples of the application to real-life situations. This part has been written m 
the style of a source book for reform of science and technology cduealion at the lower secondary level It 
diseus.ses the kind of science and technology education requited in the next decade. It analyses issues thai 
need to be resolved wl.cn reforming science and technology education to achieve current interpretations 
of Science for All. ll ..ffc.s options, analyses. ca.sc studies and examples rather than prescriptions. 

Part U- Country Experiences is a review of country experiences presented by the par- 
ticipants/resource persons from Australia, Bhutan. People s Republic of China, India, Indonesia. Lao 
Pcopfc s Democratic Republic, Malaysia, Maldives, Nepal, Pakistan, Philippines and Thailand. 

The report provides in the firM in.staiiecarccordof thedclibcrationsofthc work.shop. It alsi. provides 
guidance for curriculum and policy developineiit in the Member Stales. 
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Introduction 



UNESCO PROAP/ACEID, in coopcialion wilh ihc Ministry of Education and Culture, HM 
Government of Nepal, the Scienec Education Development Centre (SEDEC)» and the Currieuluin, 
Textbook and Supervision Development Centre, Nepal, convened a Regional Workshop on Seicnec and 
Technology Education at Lower Secondary Level in Kathmandu, Nepal, from 12-21 March, 1990. 

The activity was a component of the W)Q programme of UNESCO/APEID and the UNDP assisted 
pfiijcct RAS/86/051 - Improvement of Science and Technology Education. 

The Workshop supported current deliberations on science and mathematics education of HM 
(Jovcrnmenl of Nepal by placing the rich experiences of the region at the disposal of policy planners and 
curriculum developers of Nepal. It followed a National Seminar on Science and Mathematics Education 
Policy and Planning held in Nepal between 1 1 - 16 February, IWO. 

The Workshop focused on; 

• Policy and strategy related to science and technology education for all at lower secondary level; 

• Application of learning in science and technology to real life situations in the students* 
environment, with particular rerercnec to improving the quality of life and productivity; 

• Implications for curriculum development and pupil evaluation, including the affective domain; 

• Implications for teacher training, ami for community/parental involvement; and 

• Planning ami implementation difficulties. 

Deliberations were supported by extensive presentations from countries in the region with several 
years of experience in reforming science and teclmnlogy education at lower secondary level. The 
presentations included examples of curricula, learning sequences, learner evaluation instruments, audio- 
visual aids, equipment, and teacher training designs, in addition to analyses of new policies. 

Participation/Preparations 

Eleven countries provided thirteen participants and four observers to the Workshop. Two resource 
persons assisted in the delilieralions. 

Mrs. Kristic Regan, Assistant Programme Officer, UNDP, Nepal attended a session of the 
Workshop, as did experts from Nepal. 

Each participant presented and provided an analytical aiunlry comment (Part 11) incorporating the 
following elements, with reference to science and technology education at lower secondary level: 
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• Recent p()]icies and siraiegies in science and technology education, wilh particu]? crcnce 
to Science for All, and implications for euiriculum devclopmenl. 

• Planning and implc menial ion difrieultics, and actions taken to overcome these. 

• Examples drawn from currcni curricula, of appliealiuns of (classroom) science and technology 
learnings in real life silualions in ihe local milieu, wilh particular reference to improving the 
quality of life and produclivity of ilie learners and iheir communilles. 

• Examples drawn from current curricula, of pupil achievement evaluation instruments, including 
evalualion of the affeelivc domain. 

• Examples drawn from currcni practice, of designs for leaeher education in support of these 
reforms. 

Office Bearers and Resource Persons 

The following acted as Office Bearers of ihe Workshof): 

Chair-Person Dr. Thongchai Cliewprecba, Thailand 

Vice Chair- Person Dr. J. S. (Jill, India 

Rapporteur Mrs. Erlinda Y. Basa, Philippines 

Ratnaikc, J., UNESCO PROAP/ACEID, acted as the Secretary to ihe Workshop. The resource 
persons were Dr Cliff Malcolm, Australia, and Dr. J. S. Rajput, India. Substantive and technical support 
were provided by Mr. Toran B. Karki, Direct()r. SEDEC: and his staff. 

Workshop Activities 

Deliberations took place in whole group, small groups and individual work sessions. The production 
of the report was undertaken by two working groups formed by the participants, supported by the resource 
persons. Presenlatioiis, discussions and readings were mixed wilh writing sessions. 

Inaugural Session 

The Workshop was opened by the Secretary of Education, Mr. Ramesh JungThapa. In his address, 
he indicated that during Nepal's Seventh Devclopmenl Plan (1985 - 1990), HM Government developed a 
detailed programme aimed to fulfil the basic needs of the nation by the end of the century. In addition to 
food, clothing, fuel, slielter, drinking water, primary health care and sanitation, transport and security etc., 
primary education (covering the first five grades) was declared a basic need to be provided to all children 
of relevant age in the kingdom. Accordingly primary education lias been made free. 

Reali?:ing ihe potential and scope of sdenee and technology in solving such problems and to help 
achieve the fulfilment of basic needs, policy provisions of HM Government emphasize the development 
of science and technology through efficient and effective utilization of human and material resources. As 
a measure of this policy, science has hecn made an essential component of the school curriculum. 

These changes confront HM Cjovernmciil wilh problems of revision of school science curricula, 
development of innovative teacher education programmes and preparation of more suitable student 
evaluation procedures. 
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Introduction 



Science and technology arc rccognizxrd as csscniial factors contributing to progress and peace in the 
world. Tlic success of a society dcpendson how effectively and extensively it can absorb and use scientific 
and technological knowledge and skills in developing iis potential. In a modern society, science and 
technology represent two basic human aclivilics. which relate to asking questions and solving problems. 
As such, they constitute an intellectual strategy which every learning hum an being in urban and rural areas 
alike should adopi Tor day to day decision -making. Furlher, they provide powerful tools in finding, 
knowing, understanding and doing things in belter ways. Any education that does not take lull cognizance 
of both science and technology is incomplete, irrelevant, and fails its purpose. 

The current cry of **Scicnce For All'* rcflccls the rccognilion of the capacity of science and technology 
to improve the quality of life for the individual, community and the nation as a whole. One of ihc major 
goals of science education is to generate, develop and transfer such knowledge jnd skills as arc necessary 
for the promotion tif the welfare of the people and socio-economic development of the country. A 
scienlificaUy informed and leehn(»logically literate population provides not only the broad base from which 
qualified manpower can be developed, but also it helps create a eliiuatc in which innovdlivc tcehnologies 
can lake root and flourish. 

The Secretary of Education wished the Workshop great success in its deliberations and tlianked 
UNESCO for selecting Kathmandu as the venue. He welcomed the participants to Kathinandu and wished 
the in a pleasant uikI remarkable slay. 

Purposes of the Report 

The report provides in the lirsl instance a record of the dehbc rations of the Workshop. It provides 
also guidance for curricuhim and policy dcveUi[)incnt in the member states. 

U has been written in the style of a guidebook tnr reform of science and technology education at the 
lower secondary level. It discusses the kind of science and technology education required in the next 
decade. It analyses issues that need to he resolved when reforming science education to achieve current 
interiHctations of Science for All. It offers options, analyses, case studies, and examples rather than 
prescriptions. 

Conclusions 

The conclusions and rccnmmcndations derived from the deliberations of the Workshop are as 
follows: 

1. The concept of Science for AH is not to be viewed only in the context of the school curriculum, 
but as a ct>mponciU of the totality of efforts in universalizing education, including aUernalive 
strategies like non- formal education, adult education etc. 

2. While the majority of countries in the region have included Science for All in their policy 
formulation and have translated it into school curricuhi, it is recommended that other countries 
also do so at the earliest, at least up to lower secondary stage. 

X Each nation may utlempl to define and determine the Mearning needs* of the children and also 
*c[uality of life' in the changing context of the growing impact of science and technology. The 
oulcoines, related to Ycal life situations' may l>e utili/xid in curriculum renewal^ which has to be 
a rt'gnlar and on-going process. 



iti 



BEST COPY AVAILABLE 



Science for ail and the quality of life 



4. It is lo be ensured (hat a proper mechanism of monitoring and evaluation is established whieh 
develops appropriate tools, instruments and mechanisms for the purpose and also trains 
personnel lo perform the tasks objectively. 

5. In-scrvicc and pre-scrvicc teacher education training strategics need lo he modilied. The 
programmes should prepare teachers to adopt creative teaching models improvising, ex- 
perimenting, innovating, and utili/^ing community resources. Teacher education should 
encourage teachers to make school leaching more joyful, participatory and related to local needs 
and aspir^itions. 

ft. Apart from teacher training institutions, each country may establish or augment resource 
eenlres for curriculum development and for assisting teachers. These centres would provide 
regular professional support in solving the problems of teachers which (hey may experience in 
the curriculum and in teaching. 

7. Policy changes, curriculum renewal and modified strategies for monitoring and evaluation, need 
lo be communicated not only to all education personnel, but also lo opinion leaders, and parcnls 
with equal emphasis. Acceptance should be ensured as well as modification of curricula. 

8. Sehool-comnuinily relationships may be strengthened with mutual accountability cslahlishcd. 
This helps in resource management, belter understanding and appreciation of existing com- 
munity needs and futures projection. Further, this helps build affective domain components 
like attitudes, social sensitivity and responsibility, among all concerned, and strengthens the 
partnership between school and community in the education of children. 

Teachers' Associations should he established and strengthened. These may function as profes- 
sional forums and teacher support systems. 

10. Whenever feasible, audiovisual aids and electronic technology maybe utilized. Teachers may 
be provided with bulletins, newsletters, new innovation brochures and other print materials as 
well. 

It. Assistance from agencies like Unesco maybe taken to supplement in-country projects for 
experience -sharing inputs. 

12. Sharing of experiences at different levels amongst countries undergoing similar changes may be 
encouraged by IfNESCO. 
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Chapter One 



Emerging Policy and Strategy Aspects 
for Science and Technology Education 
at Lower Secondary Level 



nis chapter proposes a deftnidon of Science For All for cumciiliun de^^lopmcni in the next decade 
and describes some of the factors which have ^vcn rise to that definition. It also examines ramifications of 
the definition for policies and processes in curriculum development and implementation. 



1 . Science for AH : The New Interpretation 

Science and technology are grcally important to human well being and the quality of our environ- 
ment. Socio-economic progress without science and technology is impossible. Science and technology can 
help to reduce misery, poverty, hunger, diseases, social injustice, energy crisis, environmental pollution 
and other glol)al problems. 

Universalization of science and technology education is essential Science and technology education 
should be available for all human beings without discrimination of raec, religion, easic, ideology, 
socioeconomic l)ackground, gender, or region. 

• All students at the junior secondary levels of schooling should study science and technology. 

• All studctUs gain from their studies of science and technology; the objectives, leaching ap- 
proaches and assessment strategies should be chosen to suit the needs and backgrounds ()f all 
students in the group. 

• Science for All is not only benefiting individuals but the collective good of the a)mmunity and 
humanity as a whole. 
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1. 1 Features of Science for All 

i) Schools, teachers, classroom materials, audio-visual aids, workshop facilities and equipment 
miisl be accessible to all students. 

ii) The content, language, symbols, designs and purposes of the curriculum should link to the day 
to day experiences and purposes of the children. This requires some curriculum development 
at the local IcveS, responsive to the needs and interests of the children in the locality. 

iii) Science and technology education should make a difference to the way students think about 
their world and the things they do. It should link theory to practice, human purpose and the 
quality of lifej reflection to action; in-school experience to oul-of-sehool experience. 

iv) Teaching and learning should begin from the beliefs, interests and learning skills that students 
bringto the classroom, and help each of them to extend and rcvisetheir understanding and their 
ability. 

v) Some learnings have particular value in relation to further learning and employment. Such 
learnings should be accessible to all students equally. 

These features are embraced in an approach which we will refer to as Science, Technology, Society, 
Personal Development (STSP). 

Science refers to theoretical knowledge and the processes by which it Is generated and tested. This 
theoretical knowledge is a response to the question "I wonder...." 

Technolo^' is the solution of practical problems, and the devices and systems that have been 
developed as a consequence. It is a response to i he question "I want...." Technological development has 
hcen greatly enhanced by its links to science; science depends strongly on its use of technology. 

Society recogni/cs the social and human context that gives purpose to science and technology, and 
Ihe impact that science and technology have on our lives. The wciety aspect includes questions "Should 
wc..." 

The Personal Development aspect recognizes the possibilities within the science curriculum to 
enhance students' personal skills in logical thinking, expression, personal management, self-directed 
learning, cooperation, and responsible action. It implies purposes within the science curriculum to assist 
students to develop and refine their world-view and to take effective and responsible action in their own 
livesand as part of their community, It recognizes that education needs to address the development of the 
individual both as an individual person and as a member of society. 

The curriculum should give attention to each of science, technology, society and personal develop- 
ment, and they should he integrated in their development. 

2. Factors Which Have Ud to This Interpretation 

2. 1 Approaches to social and economic development 

The importance of science and technology in social and economic development have been under- 
stood for a long time. However, strategics of development have changed over the last three decades. 

During the l%Os and 1970r, many countries concentrated on training a work-force who could use 
technology. The technologies themselves were often imported, and so were the experts who provided the 
technical knowledge and management. The invcklmcnt in equipment etc. often came from overseas, and 
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many of ihc profits went back overseas. Frequently, raw matyrials were exported for processing and then 
imported as finished proiluels at high prices. 

During the M, the strategy shif towards creating a work-forec which could develop new 
tcehnolofties themselves. By their inventiveness, the work-force produces exportable goods and techniques 
who.sc value is much greater than that of the raw materials. This trend continues in the I Ws. 

The need in the I<WOs .s not only for people who can lead technological development and work in 
science-based industries. The working and living environment is increasingly technological. All people 
nccdto Ik: comforiahle in that environment and conlrilnite to the u.se and wise management of technology. 

2.2 Environmental Consen/ation 

The impact of human activities on the natural environment has become increasingly clear over the 
last decade. Action at the natii>nal. community and individual levels is now imperative for long term 
survival. Wc have to use existing technologies more carefully and develop new or alternative technologies 
which conserve resources and the environment. 

2.3 Basic Needs 

There are some eommunilics and individuals in our counlrics whose basic needs of hygiene, heaUh 
education, nutrition, shelter and clothing are not being met. Their quality of life can be greatly improved 
if they arc educated in simple techniques of, for example, hygiene, use of water, preparation and choice 
of food, and looking after animals. 

2.4 Educational Purposes 

The achievement of the economic development, environmental management and improved quality 
of life outlined aUwe rcqoires education that is aimed not simply at knowledge but at action. This action 
is required at an individual level, and also at the level of (he local community and the whole society. 
Therefore, the curriculum must assist individuals to take aclwn, and to participate in community action. 

The curriculum must also address the dcvclopmcnl of the individual, assisting thai person reaches 
his/her potential as a human being. This requires assisting the sUidcnl to develop a world view, .nlcgrating 
values and knowledge fr.^m different realms of experience and thought, and linking concepts of self to 
concepts of society and environment, spirituality and justice. 

In 1 he 19ri0s, the orientation of the science curriculum was science is what scientists do: their methods 
.rf developing and testing scientific knowledge, and the concepts and theories that are central to the 
scientific disciplines. Little attempt was made to link this knowledge to technological applications, social 
concerns, or the daily experiences of the students. 

In the 1970s the orientation shifted to the functionality of science, especially for those who would 
no! enter universities. Science, Tcdmology. Society education arose from this trendy U linked science to 
teehn<ilogy and placed them both in the context of social needs and everyday life. The emphasis shilted 
from "What do I know", to "What can 1 do ?" 

In (he 19W).s, at least in a few counlrics. a furllicr change has emerged, with science and technology 
education becoming a central component of the education of all citizens, so that they can become 
responsible, productive citizens. The emphasis is shifting towards the social action described above, and 
the question "Who am I becoming ?" This requires more attention to teaching children how to learn, 
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manage iheir own learnings analyze problems and design and implement solutions. Thus the slogan 
Science, Technology, Society is extended to Science, Tcch/wlog^^, Society, Personal Development, (STSP). 



Dimension 

Philosopliy 
Focus 



Knowledge 
produced 

Structure 



Teacher Role 

Teaching/ 
learning strategy 



Learning for 
Knowing{19(>0s> 

Positivism 

What dK)lKNOm 

Propositiona] 

Subject/Discipline 



Expert/Information 
Giver 

Didactic 



Learning for 
Appiying(i970s) 

Utilitarianism 
What can I DO? 

Practical 

Subject/Discussion 
Craf l/l echnology 

Applier 

Practical 



Learning Tor 

Being/Becoming 

(t980s) 

Constructivism 

Who I am 
BECOMING? 

Experiential 



Issues (micro and 

macro)/Subject/ 

Discussion 

Facilitator 



Real life problem 
solving 



2.5 Research into Children's Learning 

Recent research provides compelling evidence that: 

• Students develop theories and beliefs about the way the world operates, from their experiences 
with a range of objects and people at home, at play and at school; 

• These beliefs are strongly held and little affected by traditional instruction. Traditional instruc- 
tion often makes lillle impact on the ways children think about the world or act in it, even when 
it is coupled with experiments and active learning. 

This has led to a view of learning as the construction of new meanings in the light of experience. It 
is called "conslruetivist". It contra.sts with a view of learning as the reception or acquisition of knowledge. 

Students, in the course of growing up, develop their own strategics for learning and constructing 
meaning. They can be taught to develop effective strategies, and this should be an integral part of the 
curriculum. 

Research has shown also that when students are taught strategics of effective learning in one area 
(say science), they are able to apply these strategics successfully in other areas. 

Construetivist learning requires different approaches to teaching, assessment and classroom 
management. Teaching needs to start from the beliefs that students already hold and then extend or revise 
those beliefs. 

It is important that students have opportunities to express their current understandings, perhaps 
through drawing or talking, Similarly, in clarifying their learning strategies, they need opportunities to 
share with other .sliidentf;, their teacher, and olher members of the community. 
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In expressing Iheir own ihoughis and understandings, students lake a risk of being seen as foolish 
by llieir teachers or fellow students. Henee it is important that the elimate of interaelion in the elassroom 
is co-opcrativc. 

U student's beliefs and expericnees arc inputs lo the learning situation, then students arc cffcclively 
involved in developing lessons and planning the eurriculmn. 

Constructivist approaches link lo co-operative learning and participative management. The shift 
towards participative managemcul in classrooms parallels rceenl develo[inient& in agriculture, industry 
and public administration. In the classroom and in business, an imporianl objective of participative 
management is lo encourage creativity and flexibility. 



2.6 SocialJustice 

Over the last two decades, there have been signincant shifts in Ihc derinition of social justiee. In ihe 
past "equal opportunity" was presumed to he satisfied if there was fiecdom for individuals to apply for 
jobs and promotion, receive health care, enter institutions or obtain services, regardless of their ethnic 
background, religion, gender, socio-economic background or any disability. However this apparent access 
is an illusion if individuals do not have money to pay. if their language is not the language of the instilution. 
if their disability restricts their movemenl, if prejudice and social structures reduce their prospects of 
success. Current concepts of sticial juslice recognize these barriers and attempt to overcome them. The 
shift, in esscnee, if ^ shift from "equal treatment" to "equal access" where access is measured not only by 
availabilily of a ser, ice or opportunity for an individual to use it successfully. 



3. Preliminary Considerations: Planning for Science for All 

Thort^ugh planning and preparation for educational change and eurriculum development are 
essential for sucecssful implenicnlalion. Planning needs to lake care of the relationships between educa- 
lional policies and other policies and programmes; the administrative structures required for formulating, 
implementing and supp<^rling the changes; and the human and material resources that are necessary. 
Factors lo be considered and issues that arise in planning Science for All are discussed below. 



3.7 Dimensions of Policy 

Science education policies are innucneed by national policies in areas like agriculture, industry, 
seience, environment, and social welfare. Protection of the environment is now a common component of 
school science. Policies which shift national pr" .irities from traditional lo scicnline agriculture, and from 
using to deveioping industrial technology influence the science curriculum. There arc also special policies 
for some ealcgoriesof people like disahlcd, women, economically backward, tribal and rural populations. 

Policies arc developed al different levels, from statements of broad vision and direction to speciHe 
arrangements for implementation. The recruitment and preparation of teachers, work conditions, ad* 
mini&tralivc structures at the school and system levels, and provision of buildings, facilities, and 
instructional materials require policies at Ihe implementation level. 

Planning and implemcntalion of eurriculum are often wt^rked out in the form of frameworks and 
guidelines. They spell out eurrieular content^ organization, and the roles of teachers, parents and school 
administrators. N4alerials to support curricnlar implcmcniors and other functionaries arc also essential. 

Policies in science curriculum for improvement of the quality of life must consider the meaning of 
"quality of life": 
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• economic and iniiustrial development 

• prcscrvaliun of national culture and heritage 

• spiritual and moral dovclopmeril 

• social and ca)nomie justice 

• equality of opportunity 

• respect for individuals, society, constitution and law 

« judicious and rational use of the cnvironmenl and its resources 

• maintenance and improvement of the quality of the environment 

• understanding the place of science and technology in our society and the role they can have in 
improving the quality of life 

These considerations might lead to objectives of science education like: ''Vie science curriculum will 
help students to develop progressively to: 

- understand some oftlie nmhods, concepts and theories tliat scientists use, and tlw ways 
science is applied in our everyday lives 

- understand the role of tcchnolo^* and the world of work 

- develop knowledge, skills and atrtudes essential for contributing to development and 
improvement of life 

- develop interest, critical thinking and the spirit of enquiry 

- develop skills in identifying and solving problems and making decisions and taking action 

- develop open niindedness, tolerance and respect 

- develop to thefttll learners' iTOtential for human expression and achievement 
develop habits of team work and cooperation 

- expand their vision for global concerns 

- respect and use natural resources judiciously and sensibly*'. 

3.2 Dimensions of the Curriculum 

The curriculum is more than a list of objectives or things to be learned. It includes all the aspects 
necessary for "good learning" to take place for every student in the class. 

Some teaching methods provide better opportunities than others for all students to participate and 
succeed in the learning. Teaching methods need to be chosen also to suit the different learning styles of 
individual students and the range of learning objectives of "Science for All". 

Assessment strategics are not only methods of measuring educational achievement. They make 
important statements about the kinds of learning and the kinds of achievement that are valued by the 
school system, and also influence strongly the fcarningthat occurs. If the curriculum is oriented to problem 
solving in the context of daily life, students "becoming", and "learning how to learn" as well as "knowing" 
and "doing", progress in these objectives needs to be part of the assessment. If the only assessment is by 
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nallonai icsls ai poiniuhn.ugh Ihc progi an.mc,U is unlikely thai ihc curriculum in pracHcc will give serious 
attention to local concerns and needs. 

Facilities, the ways students are grouped, school policies about noise levels and excursions, limcla- 
hUng all affect the access that students have to successful learning. Co-operative learning cannot succeed 
if Ihe general ethos of the school is one where students arc ridiculed for wrong ans>vers. or where there .s 
strong emphasis on competition. 

If the curriculum is to link lo the daily lives of the students there must be mechanismsto strengthen 
the partnership between parents, students, teachers and the .ommunity. Lcarningis enhanced when there 
is consonance between school, home andtoinmunity. 

Similarly, learning is enhanced when there is consonance among the curricula in different subject 
areas. The science curriculum should not be an isolated entity in itself. It should be an integral part of the 
school curricuhim as a whole. 

3.3 Choosing the Content 

In a science curriculum which draws its content from science, technology, the cultural and human 
eontexi of science, and applications of science lo improve Ike quality of life, many topics and approaches 
L rich with p.«sib.U.ies. No longer is "basic content" dcRned simply from "the has.e structure o he 
disciplines of science '. "Basic" now has to be defined in relation to the needs and aj.p.ra ions of the 
students, their comnmnities. and the nation. It follows that the defmitlon of "basic content must vary 
somewhat from locality to k>cality and person t4> person. 

Criteria for selecting content, whether at the central IcveU the local level or both, need to be 
established as part of science education pc.licy, For example, is the content. 

. based on the interests and experiences of the children, founded on action and able lo assist 

stiidenls to understand everyday pbeiioniena? 
. accessible 10 pupils Ihrcniph the use of inquiry skills and suited to further development of those 
skills? 

, attainable through materials and equipment that are locally available? 
, within the grasp of pupil^ at their level of cognitive development? 
, a basis for further scien. e learning? 

. perceived by the students and eonnnunily as valuable in the wirld beyond school? 

Decisions need tohc made also about the balance that is appropriate between the aspects of science, 
technology, society and personal deveUip.neni, and about "starting points" in the developmenl of content^ 
For exanVlc. developn,ent that begins with the science and then proceeds to appl.eat.ons and soe.al 
aspects is Mkcly to emjhasi/c Hu; rehtliottship that the science ideas have lo each other, whereas one wh. h 
Sn ^.th a comminily issue and Un.ks to science and teehnoU^y as part of the solul.on .s Ukety to 
emphasise the relationship of ihe science ideas lo applications and human purposes. Th.s d.seuss.on «; 
taken up in detail in Chapter Fi»ur. 

3.4 Balancing National, Local and Individual Needs 

In the current interpretation of Science for All, the curriculum must meet national. I.Kal and 
individual needs. National needs are expressed through nati.mal policies and programmes, for example, 



10 



BEST COF^ AVAILABLE 



Science for all and the quality of fife 



in agriculture, technological development, conservation and "basic needs". Local needs arise from the 
community and local environment. Individual needs anse from the purposes, aspirations and daily lives 
of the students. 

It is necessary to specify how the curriculum will provide for common learnings across schools and 
also for unique learnings in a particular locality. 

The options available include the following: 

• A national "core plus options" This might be achieved through a given number of units of 
core and other units to be selected at the local level. An alternative, with less flexibility, is 
that core units run all year and each unit has an option component to suit different localities. 
In this modcl,thcoptionsare developed centrallybywrilinggroupswhovisit different regions 
of the state, explore the region and consult the local people. 

• A "natimai core" pills "iorai options". This model is like the one above, but the options are 
developed at the local level, probably at the level of the individual school. It is possible to 
build intn the model ways of accrediting local units if this is required. 

• "Sdiooi-based curriculum according to Government Guidelines ". The responsibility for cur- 
riculum development rests with the school. The Government provides guidance on the 
purpa'^cs, approaches to, and general content of the curriculum. The level of detail in the 
guidelines has to be chosen to provide a balance between Government and school control 
over the curriculum actually provided. In a decentralized model like this, a large proportion 
of assessment also is school -based. 

A strongly eentrali/cd approach to curriculum [often called a "Research, Develop, Disseminate'' 
(RD&D) approach) cannot of itself meet local and individual needs. It can produce highly polished 
programme materials and equipment and disseminate them to all schiH)ls quickly. It has to be coupled 
with extensive training programmes and support for teachers to achieve effective implementation. 

The RD&D model reached the peak of its application in the major programmes in the USA (PSSC, 
BSCS etc.) in the 1960s. Extensive research has been done since then on their achievements. In spite of 
the vast resources given to development, training and implementation, the programmes fell far short of 
national expectations. Even committed teachers often took 5-8 years before they could use the materials 
as expected. By their naiure, the materials and teachers* guides could not identify and respond to local 
needs aiid resources or individual students. 

Many countries have explored variations on the RD&D approach which put the curriculum into 
closer contact with local needs and allow a component of local curriculum. In Thailand, the Institute for 
the Promotion of Teaching Science and Technology (IPST) develops complete curricula which schools 
are encouraged to adapt to meet local needs. Indonesia allows a 20% local^rcgional component of the 
curriculum. In India, the National Council of Educational Research and Training prepares 'model 
curricula' and supporting materials. The curricula are not compulsory. Varinus state boards of education 
Or certain examining b(^ai*ds modify the materials hccording to their needs. 

"School based cur ricul um development accord! ng to Gove r nment guide lines'' supports the develop- 
ment of curricula which suit local students and their community. This approach is heing carried out in the 
state of Victoria, Australia. It builds in a partnership bet ween teachers, parents, students, local community 
and national government. It places responsibility for development and implementation with the school so 
that, even though the astcnsihle quality of the materials maybe less than in the centralized ease, the quality 
of implementation and the linkage to the lives of the student is much higher. Once again, strong in-service 
education and systems of support for schools arc required, so that teachers and the community understand 
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the guidelines and have ihe skills to work wilh them in ercalive ways. Wilhoul ihis support^ some leaehers 
use Ihcir "freedom" lo leach ihe same old ihings ii^ ihe same old ways. 

Lines of accountability and systems of reporting have lo be established, lo ensure adequate 
aecountabilily to each of national needs, local and individual needs. This requires elear conception of the 
balanre of central and local responsibility and the mechanisms by whieh each responsibility is monitored. 

The skills required of the teacher are different from those required in curricula designed in detail 
at the national level. In the latter case, the essential task of the teacher is to implement the curricula as 
described in the text books and teachers' guides. If there is a local component, teachers must have also 
skills in curriculum developmciil. Including abilities to work cooperatively with other teachers and the 
community. 

3.5 Structures and Processes for Curriculum ManBgement 

Successful implenieutalioii of educational change requires an cfficiem mechanism of curriculum 
manage nic It. 

It is necessary lo establish a communication network, structures and procedures involving govern- 
ments (national, state/province, and district), schools and eommuiiilics. 

The roles and responsibililies of each government body, administrative unit, schools and the 
communily will vary according to the overall strategy of curriculum development and implementation. In 
particular, they will depend on the extent to which the luanageineiU is ecntrali/cd. 

The tasks for which responsibiiilics need lo be assigned and administrative structures established 
include: 

• tlcveU>i)ing curriculum policies and guidelines 

. reviewing current curricula and resources In the school and community and gathering infomm- 
lion on local needs 

planning for educational change at the school and system levels 
developing syllabi and leaching aids 
preparing guides and support materials for leaehers 
preparing textbooks and studenl materials 
preparing science ^(juiprncnt, kits and audio-visual aids 
training leaehers, advisers and inspectors 
devclopuig instruments i>f educational nicasurement/asscssincni 

disseminating and communicating policies and materials lo schools, community, commercial 
publishers, and others 
, evaluating the tpialily of the curriculum and Its im[)lementation 
. training teachers (in-service and pre-servicc). 

The ways that these tasks arc achieved in a decentralized system are very dilTcrcnl from a centralized 
system. For example, if schools bave a major responsibility for curriculum development, the respon- 
sibilities of district advisers include assisting principals and senior staff with school management, assistmg 
teachers to understand general i^ollcics and develop curricula, and assisting the community to be involved 
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in curriculum planning. AUcrnalivcly. in a cc n I rali/x^d approach, the adviser supports disscminalion oflhc 
materials and assists Icachcrs lo undcrMand and use ihein cffeclivcly. As a second example, policy 
dcvclopmenl is almost entirely a central responsihilily in a eenirali/cd approach, hut schools as well as 
the central agency must develop eiirriciilum policies in a school-based approach. 

The cstablishnicni of science and mathematics curriculum development centres such as IPST in 
Thailand and ISMED (Inslilule for Science and MalhemaliesEducalion Devclopmenl) in Ihe Philippines, 
shifted the responsibility ofcurriculum devclopmenl from ihc stale lo these ccnlrcs. Teachers and subjccl 
specialists can be seconded lo ihcse cenlrcs lo assist the curriculum design team and the editorial 
committees in all aspects of Ihe work, from curriculum design lo the production of teaching materials. 
The cenlrc's job is not over after developing the curriculum and materials. Ji also conducts llcld trials, 
ascertains research findings and ulili/es these for renewal al regular intervals. Mechanisms for passing 
such findings back lo the teacher must be well developed, so that the teacher Is constantly updated in all 
aspects of his/her work. Dcvclnpmenl ofactivUiesandcxpcrimemsisa major aspect In the universalize I ion 
of science and technology education. Some of Ihe centres have established instrumentation 
laboratories/workshops or are linked lo other centres for the devehipment of laboratory equipment. The 
teams here develop manuals and laboraiory guides. They also suggest how modificallons and alterations 
can be effected In local situations. 

While the choice of approach will be governed by specific situations and availability of experiisc, the 
point that needs eonslanl emphasis is ihe involvement of tciichers. Their association with the development 
stage Is crucial for success al the im piemen tali on .stage. It gives them self assurance and a sense of 
involvement. 



3.6 General Strategies Of Change 

Extensive research has been done over the last two decades on educational change and its manage- 
mcnt. (See for example. Caldwell B., Bcarc, H. and Millikin, R., Creating an Exceiient Schaoi, Faimer 
Press, Uindon, l989;Scrgiovannl,T., Vie-PrindpaishipiA Rvfleah-e Practice Penpcclive, Allyn and Bacon, 
Bt)slon 1987; Fullen, M.F., Vk Meaning of FducatUmai Oia/tge, New York, Teachers College Press, iy82; 
Miles, M.B, and Louis, K.S.. "Managing large scale change in urbini high schools: how to get there"! 
Kfiowictifie in Society, 

The success of educational change is greater If \vc "Start from where we arc» think big, and move 
forward in small steps'*. 

If "thinking big" means moving the curriculum inwards an Science, Technology, Society, Personal 
Development (STSP) apprt^aeh io Science For Ail, strategic options include the following actions: 

• Identify content in the present curriculum which could be used to learn science concepts related 
to technology In Ihc society. Illustrate these processes through adequate examples of application 
in everyday life. 

• Identify situations from the local communily which can he applied to various themes in the 
existing curriculum. Establish training programmes for teachers, and assist them at the local 
level lo understand ^'Science for All" and make appropriate inclusions in the curriculum. 

• Choose topics for the central curriculum such as sanitation, environment, pollution, global 
warmings hat relate to local, national and global issues. Design projects for ihe children through 
which they develop skills of problem solving, eooperallon, applying value judgements in ihe 
context of improving the quality of the society they live in. 
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"Starling from where you are" requires analysis of ihccurreiM siiualion. The analysis should consider 
nol only currcnl siruciurcs and current praciice, bui also resources, trends and emerging needs. 

Tlic development of central curriculum guidelines miglit involve analyses l>y experts from diffcreul 
backgrounds such as education, agrieullurc, industry, health and social juilicc. Alternatively a steering 
committee might be established with representation from parents, teachers, unions, government, 
acadcmia and industry. The steering eommittec might conduct some parts of the review itself and 
commission other parts. 

Research work may need lo be carried out. For example, Indonesia conducted a nationwide study 
of the cognitive development of students in lUc targeted age range; India gathered data on the needs, 
motivations, and backgrounds of teachers and students; Philippines compiled socio-anthropologieal 
research lo develop the basis for a needs-based curriculum. 

The depth and time required for the preparatory stage depends on the extent of the changes 
envisaged. Fi)r example, major changes to school and curriculum siruciurcs, teaching approaches, and 
assessment at Years 11 and 12 in Victoria, Australia began with the establishment of the Committee of 
Review in 1984 and led lo changes which will operate fully for the first lime in 1992. Throughout that 
period, there has been major di-scunsion of the issues, plans and curriculum designs at all levels of the 
community, including parliament, educational groups, industry, the public media, schools, parents and 
students. 

Researchers like Matthew Miles consider educational change in stages. The first stage Miles calk 
mobUizaiion, the second im]ilci»a\latum . and the third inmutionalimioiu Institutionalization is the 
process tif embedding the change into life of the school so that it is able to survive changes in Icadersliip 
or challenges from reactionary groups. 

The stages are useltil iiispite ofthe factsihat they overlap and they seldom occur in simple sequence, 
because strategics that arc especially cITeetivc in one stage arc nut necessarily the ones that are mi)st 
elTcctive in another stage. For example, m<il>ilr/.alion can be led by a small group in a lop down way, but 
implementation canmrt occur unless th-c is wide a)m.nitnienl to the change and wide ownership of the 
implementation strategy. 

Sergiovanni talks about sehoiils being "management Uhisc, culture tight": teachers are loosely bound 
in the management sense, often making decisions of their own in their classrooms and when planning and 
conducting their work. On llic other hand, they arc strongly bound in the culiuralsensc of having a common 
view of what "good education" looks like, what "good curriculum" contains and how "good teachers- 
work. Educational change needs lo address the "culture" of education rather than simply work with 
adminii^tralive controls ami demands. 

Achieving community involveniciit in the change and community acceptance ofthe new curriculum 
reeds to be planned. It might involve wide participation in the Review stage, as mentioned earlier. U niight 
involve advertising campaigns and public meetings, videos and explanatory brochures. Opinion leaders 
community leaders and pjirenls must be reached. <lovernn,cnl offices, private industry, publishers and 
voluntary organizations must also be involved so that they can assist in guiding and achieving the changes, 
and perhaps help in the production of materials and equipment. 

M(ibili/4ition of the whole of society to support an innovation inevitably results in a feedback from 
all levels. Provision must be made for this feedback to be received, evaluated and ii.sed. 
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3. 7 Teacher Education and School Support 

The real worth ofany cur riculumdcvclopmcnl depends finally on ihe manner in which \{ islran&actcd 
in ihe elassroom. Quality of learning and social justiee depend ullimatcly on the teacher. Teachers have 
the moral responsibility of performing the job set for them by the entire cast of policy makers and 
curriculum designers^ head teachers, parents, children, community and colleagues. Everyone expects their 
own thoughts, expectations, ideas and philosophy to he put into practice. 

All teaching staff must understand the changes that are planned and be reasonably committed to 
them. Teachers who will bedirectly involved in the implementation must develop the knowledge and skills 
require - whether in curriculum development (in a school-based strategy) or use of particular materials 
and equipment (in a centralized approach). 

Teacher preparation was often inadcquatcandunderratedin attempts at curriculum change through 
the l%Os and 1970s. For example science kits were distributed in several developing countries with little 
attention to advance preparation of teachers or in-service education. In the majority of classrooms, the 
kits were not even opened let alone used regularly. 

Similarly, attempts to keep teachers informed and supported are often inadequate. A teacher may 
not receive an educational bulletin or brochure, or its importance and meaning maybe lost because no-one 
is discussing it wth the teacher. Solutions include the establishment of "expert groups" to receive tcacher.s 
problems and offer solutions, district '\schuol support centres'* and consultancy services, '1eam ap- 
proaches'' in schools where there are a number of teachers, "networks*' of teachers across schools in a 
district, and professional associations at the slate or nalionaS level. 

Although the head teacher may not be directly involved with the teaching of the new curriculum, 
he/she must understand it and its rckitiim to the whole curriculum and the operation of the school. 
Successful implementation requires the .support of the school administration and Indeed all levels of sehuol 
support within the Ministry. [n-servi«e education programmes arc required for teachers and for school 
administrators. Programmes for sehuol administrators need to address curriculum directions and also 
processes of management and change. 

Training in the use of central policy documents or curriculum materials can be of two kinds. The 
curriculum developers might train teachers directly in face-to-face eneouiilcrs. When the leaching force 
is large and direct training is prohibitive, trainers or consultants have to be recruited and sent out to work 
with teachers. Distortion of the original idea is likely in the second case, because of the stiigcs in the 
communication. For this and other reasons, training should not be a "one ofP* event. The meaning and 
implications of an innovation become clear to the teacher over lime, when be/she is working with it in the 
classroom. Support should he on-going. 

Teacher training must equip the teachers to handle confidently all aspects of the curriculum, 
including content, leaching methods, development of local curriculum, community involvement, student 
assessment and programme evaluation. 

In-service education for head-teachers, school administrators and members of the local community 
who work with the school needs to he planned and conducted just as thoroughly as in-service education 
for classroom teachers. This Is so especially when the school is large and where it has considerable 
rcsponsihilily for curriculum development. 

If the school rather lhan Ihe slate has responsibility for designing syllabi and work progranmics, 
coherence and continuity of curriculum mu.sl be achieved at school level. Planning and curriculum 
development need to involve all teachers. If the curriculum is to reflcel the needs of the local community 
and the role of parents in the education of their children, then parents and the aimm unity must be involved 
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In ihe dcvclopmcnl. If ihc school is large, formal structures arc required for currieuhim planning, school 
managcmcnl, and professional devclopmcni. 

Colleges of education and leaehcr education can play a very cffc dive role in assisting with in-service 
training, curriculum developmctit, and on-going support. 

3.8 Evaluation for Quality Improvement 

Evaluation should he an iniegral pari of all stages of educational innovation: 

• planning (assessing needs, trends, pressures, administrative structures and resources; setting 
goals and deciding strategies); 

• development (designing policies, structures, prograiiinics and/or materials; Irialing draft 
materials); 

• implementiitioii (staffing, training, enacting); 

• review 

Evaluation is an important part of planning and development. It is important also in the aeeounl- 
ability of schools, curriculum units and individuals to government and community. U affects decisions 
ahout programmes and individuals. Accordingly it has a political component alongside its ohjeetivc value 
i« supporting decision-making. 

Evaluation needs to he systematic, and it needs to he planned and funded as part of educational 
change. 

At the classroom level, teachers ha^^e a central role in evaluation iif their teaching programmes and 
the curriculum materials they use. They need tu be trained in advance. Part of their training should he to 
help them use others - especially students, other teachers, inspectors and consultants, parents, and the 
community - as part of the evaluation. Assessment of teacher perfornianee must he carried out in a 
non-threatening manner. It must be seen l>y the teachers as an aid to improving their professional 
compclence. 

The evaluation of published materials during their development should also involve teachers as well 
as cur.iculum developers and academics. Many countries, such as Thailand, have carried out small scale 
trials of hooks and equipment, Such trials enable the materials to he modified and improved before mass 
production, but do not preclude other evaluations at a later date. 

In addition to the teachers assessing students' and their own performances, education authorities 
must monitor the implementation and achievements of the curriculum nationwide. The plan should 
address all aspects of the curriculum, not just teacher performance and student achievement. It should 
investigate the whole management structure in order to ascertain whether the a>mmunjcation system 
allowsthe complete flow of information back and forthbctwecn school authorities and classroom teachers, 
at all levels, and whether the systems of school support, facililies development, teacher education, review 
and planning etc are adequate. 

The plan is Hkely to involve various institutions, such as research organizations, and teacher training 
institutions, and special administrative units within the Ministry, such as an inspectorate or research and 
evaluation team. U must also involve all units in evaluation of their own functioning and the performance 
of units around them. 
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Implications for Teacher Training 
and Orientation of Other Education Personnel, 
the Community and Parents 



Vie Scicncc-Technology-Sodely-Penonal DevcUypmeiU approach (STSF) ff\'es new emphasis to the 
centrality of the teacher in science education and to cooperation between teachers, parents 
and the community. 

Teachers roles in curricuhtm dcsigfi school management and community interaction are extended in 
comparison with traditional teaching, Wider subject knowkdf^v. and a broader range of teaching skills are also 
required. Hence professional den'lopnwnt and systems of professional supfkm 
for teachers become critical eknwnts. 

TJie chapter offers giiidance under three headings: the pmfc'isimal development 
with parents, other personnel and the local community, and supporting system for teacher improvement. 



1. The Professional Development of Teachers 

The 196()5i approach ti) curriculum, wilh Us student books, kits, equipment, films, teachers' guides 
and training programmes was described at the time as the "teacher proofcurriculum". The materials kits 
and guides were seen as Ihc keys to success, as long as Ihc teacher foUowed the teachers' guide faithfuiiy. 

Parents and the local community were peripheral. The curricuhim and materials were designed by 
experts at the national level. The curriculum was intended lo be inqilcmcnted in the same way lo all 
children in ail localities. 

The strategy was ainsistent with the learning theories, ideas of social justice, and approaches lo 
management that prevailed at (hat time. 

The Science-TechnologySociely-Perstmal Development approach is very different: con struct ivist 
learning theories, participative management, and a view of social justice that has moved away from "equal 
treatment of all children in all localises** lo concern for local and individual variations in purpose and 
learning style. 
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The leaclicrs' role becomcR pivotal: 

. The curriculum has tonici:! ihc needs and backgrounds uf individual sludcnls. The leaehcr has 
10 he a curriculum designer. 

• The studenl's background and hopes arc significanl pans of his/her learning and are largely 
mailers of family life. The teacher needs lo work wilh parents lo ensure that education at home 
and school reinforce rather than contradict each other. 

• The curriculum should have a local component, linking to the life and problems that belong to 
the St udent - the environment, experience, and people of the local community. The partnership 
between school and community can extend to ciirrieulum implementation as well as design. The 
teacher needs skills to work effectively with the local community. 

• Science knowledge has to be hookcd.up to applications, problem solving, technological design, 
social and envirormcntal issues and local questions of quality of life. It has to provide oppor- 
tunities for students' personal development, assistingthem to refmc and build their world views, 
and develop skills in soWmg real-life problems, expressing themselves, taking errcclivc action, 
etc. Education has an orientation to individual development as well as social developmcni. 
Teachers need broader knowledge ind a greater range of classroom skills than in traditional 
programmes. 

The load on t he teacher must be shared. Shar ing the work and the responsibility su pports the tcache r . 
It also ensures that teachers, pare nls and amimunity have a common view of the goals and methods of the 
curriculum, and the way that the local and national components fit together. No longer does the teacher 
work alone in his/her classrw>m with centrally provided materials, kits and instruUions. 

If the teacher is working with others in programme development, poliey, and implemenlation, there 
must be in the school an infrastructure and management expcrlisc to support it. If teachers are to be 
ereative in curriciil-jm design and 'caching, the organizational climate in which they work should be both 
demanding and encouraging. This depends on school management. It also depends on the esteem with 
which teachers are held by the community generally. 

1.1 The Teacher As Learner 

Teacher education occurs whenever teachers develop new knowledge and skills, gain new insights 
into themselves, their work and their students, create meaning from their experience, revise and extend 
their wo Jviews. It docsnn happen only in formal sellings and course work: it is a part of day to day 
experience, imagination and reflccticin. 

Teacher education has characteristics similar to education for children, as discussed in Chapter 1. 
The eonslructivist learning deserilied there can be rewritten for leaehcr education: 

• Teachers bring to the teacher education situation their own belief about education: what 
education is, how children learn, what the children should be taught, what a good lesson looks 
like, how a good teacher behaves. Their beliefs are often strongly held and little affected by 
simple instruction. 

• They have their (»wn views of ihcmscUesas iearnc rs. their own strategies as learners and problem 
solvers, their own interests and educational purposes. 
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Presented with educational theories and eurrieular approaches contrary lo Iheir own beliefs: 

• Some beeomc confused, recogniTiing shortcomings in their own views, but unable lo make sense 
of the contrary views, 

• Some Ignore (he new approaches. 

• Some "misinlcrprel" the new approaehe*, adapting ihcm or using parts of them lo reinforce 
their own views. 

• Some modify Iheir earlier views and explore cnthusiastiealiy Ihe ones presented, 
(Jood teacher education therefore has the following characteristics: 

• It begins from the knowledge, interests and beliefs that Ihc leaehcrs(or student teachers) have. 
The first step must disclose and clarify these beliefs. 

• It challenges teachers to extend and revise Iheir existing beliefs and skills. This developmenl is 
not a simple ycs/noslep. U is a progression with different leachers progressing at different rales 
and with "wrong turns" a natural and essential part of the process. 

• It lakes lime, aiid opportunities throughout the process for further interaction, challenge, and 
coaching. It is enhaneed by group work and peer support. 

• It links theory with practice, and makes clear the purposes and value of the learning, 

« It employs a variety of teaching strategies, according lo the range of programme objectives and 
the learning styles of the teachers. 

There is a second perspective of "Teacher as Learner" : the teacher must have a love of learning as 
a lifelong activity and must be able to demonstrate gocxl learning strategics to his/her students. These 
strategics include prepiiredness lo change and explore, ope n-mindedncss, thoroughness, and self-evalua- 
tion. 

The table in Fig i indicates a progression in the roles of teacher and learner that have occurred in 
the recent past as we have moved towards giving the learner more responsibility for his/her own learning. 
U applies to a view of liie teacher as learner. 



ii. Knowledge plus extension 1 give knowledge and suggest extensions; you receive from 



Fig 1: Progression in encouraging mdepcndvnl learning. 
In tlie iahl<\ 7' am the insintcior^ 'You'a/v (he ivamer. 



Knowledge Itased 



I give, you receive, I test 



me, then from other sources; I test. 



III. 



Problem plus resources 



I set the problem and provide the resources lo solve it, you 
do it; I evaluate your ability. 



Open problem 



I identify the problem; you Fmd the resources and solve iX 
with my help; wc evaluate, you evaluate. 



V. 



Your problem 



I give experience; you identify the problem; yt)u solve it with 
my help; we evaluate, you evahialc. 



VI, 



Your context 



You choose the Issue, you dcfme the problem; you solve it 
(with help); you evaluate. 



lo 
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1.2 CorDpetencies and Roles of Science Teachers 

The basic objective of science leaching Is lo improve the quality of life for all students and for society. 
The Workshop listed roles and competencies expected of teachers in the STSP approach: 

Competencies: 

PedagogicallClassroont Skills: Improvisation; teaching processes; meeting specific needs; handling 
equipment; assessing; relating science technology to real life; classroom management; managing the 
learning environmcnl; developing curricula; communicating with students; selecting from and using a wide 
variety of teaching techniques. 

PcrsonalfPrufessional Skills: Decision making; working wllh the community lo develop curricula and 
resources; managing the school; communicating within the school system and with the community; 
questioning; being erilical; seeking solutions; evaluating the programme. 

Roles 

Innovator; developer and implemenler of the curriculum; evaluator of learning outcomes; motivator; 
facilitator of learning; pereeivcr of children's needs developments; resource manager; communicator of 
concepts; demonstrator; mediator (for imparling knowledge); iiilerpreler (lechnologieal developments); 
resource of information; community helper/explainer; learner of science and technology developments; 
theoretician; coach; supervisor; model; designer of activities; coordinator. 

These roles can be summarized under headings: 

• curriculum developer 

• evaluator 

• learner 

• resource mobili/er 

• communicator of change in scImwI and community 

• motivator 

• innovator 

. partieipant in the total functioning of the scIuwjI 

1,3 Pre-service Education 

The ideas about education, science, and themselves as teachers that trainees bring to their pre-ser- 
vice course have been acquired mainly from their own e;{perienee at school. Their views may be held quite 
Strongly: their propensity will be lo leach as they were laughl. They come also with a strong sense of 
purpose, a mission lo become good teachers. They have chosen lo be teachers. 
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Consideration of Content 

The programme needs to include studies of ihc science related lo ihe sehool curriculum. The 
definilion of science needs to include all the aspects thai are part of school science: applications, social 
context, philosophical ideas and social/personal action as well as science knowledge and processes of 
inquiry. 

Trainees need to understand the psychological and philosophical foundations of education, espe- 
cially the nature of children's learning and the strategics children use lo learn. 

In addition, teachers have to be aware of educational policies related lo the curriculum, socio- 
economic progratnmes, technological advances and needs, and have insights into social structures at the 
stale/national level and at the local/village level. These define the context in which education occurs. 

Trainees should begin to develop the pedagogical and professional skills listed earlier. 

'Value* orientations for developing personal or professional skills have to be addressed. These 
include 'sensitiveness' to Ihe society for better coopcation through negotiation within the school and 
communities; achieving personal satisfaction through leaching, observing and enjoying children; and 
interest in science and being 'scientific*. 

A teacher is a model of scholarship and fairness for children and the local community. The teacher 
needs lo be a professional. The teacher must have leadership skills and personal skills to make learning a 
lively and enjoyable experience for children. The teacher tnust love learning and demonstrate good 
learning strategics to his/her students. The leachcr must be prepared to change and explore, be open- 
minded, thorough, and self-critical. 

Student Teachers Working with the Community: An Example from India 

Working with the community was a required component of the teacher training programme. It was 
expected to benefit the community as well as the student teachers. 

Faculty and trainees discussed possible areas for work. Their list included hospitals, urban slums, 
rural housing, the School for the Blind, Institutions for the Physically Handicapped, and polluted areas. 

The trainees chose a work area and were formed into groups of fifteen or so according lo their 
choice. \i was expected thai visits should occur weekly, last about three hours and continue throughout 
the year. Normally a facuUy member would accompany the group. 

The first visit brought a wide range of reactions from both the trainees and the institutions they 
visited. Hospital authorities were unwilling to be involved. Organizations working with urban slums and 
rural housing said no. The Sehool for ihe Blind and the Institute for Mentally and Physically Handicapped 
welcomed the involvement. In polluted areas, even where there were voluntary groups already working, 
more were needed. 

Many of the trainees coming from rural areas, although initially hesitant, became excited about the 
possibililies. In general, trainees From urban areas were less keen. 

The different areas held different attractions lo the trainees. There was particular enthusiasm for 
working with the physically and mentally disabled. The experiences of that group are highlighted below. 
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Working with the disabled 

Education ()f the disabled is pari of the formal lecture programme. The visits were seen by the 
trainees as eomplemcnling the formal programme. The group also rceeived regular informal guidance 
from faculty members. 

In evaluating the visSits, the trainees and staff in the programme noted: 

• The trainees' social sensitivity in general was enhaneed and they felt that the visits would have 
long term value in their careers. 

• The ehildrengrew in self confidence. They enjoyed the trainees' visits. 

• The interaction helped the trainees to understand the capabilities of disabled persons and the 
nature of disability. The Irainccs developed positive altitudes towards the disabled. Misconcep- 
tions were removed. 

• Only some portions of the formal lecture programme was useful in the praelieal situation. At 
the end of the year, ihe trainees reports of ihcir experiences were passed on to the faculty, as 
an Input to curriculum improvemeiil. 

• Techniques for handling disabled children are best learned by actual praeliec. 

• Several membcrsof the group were upset by their first experience working with disabled persons 
in the institution. They had to be supported, prepared and helped to understand the need before 
ihcy could proceed effectively. 



1.4 In-service Education 

Practising teachers come to teacher education programmes with knowledge and experience very 
different from pre-service teachers. They have direct knowledge of children, schools and teaching, and 
opportunities to practise new skills and ideas immediately. On the other hand, they may be more set in 
their ways and sceptical of new ideas. They also faee greater diffieultics with time constraints and 
eompeting responsibilities. The danger with the in-service course becomes "trying to feed too many things 
in too limited a time". 

One of the first steps must be to have the teachers reflect on what happens in their classrooms and 
evaluate iheir teaching and the curriculum they offer. They might do this evaluation through reneetion 
and discussion, keeping checklists, talking witli students, or having an observer in the school with them. 
Its purpose is to clarify what already happens in the school, and the teachers' current beliefs about what 
should happen. 

Current practice and the current curriculum need to be ehallenged, and teachers helped towards 
"better" solutions, Teachers have to he persuaded that the new approach is better than their eurr cnt one. 
Then they must be assisted to understand the new ideas and learn the new skills. This migbt be achieved 
in part through argumem, but will also need demonstration (whether live or on video), analyses of "good" 
and "bad'* practices, and opporlimities to try the new approaehes tbemselves. 

In-serviee eourses should address also renewal and extension of knowledge to whieh the teachers 
are already committed: new science eontcnt, new equipment, management of experiments, assessment, 
and reporting to parents. This component is oriented not to major change, but helping Icachers do better 
the job they sec themselves doing. It is important, even in a programme of "major ebange". It recognizes 
and resptmds to teachers' knowledge of their work and the interests and in-serviee purposes they see as 
important. 
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A third component ofin-scrvicc education should be oriented to enhancing the teachers' career 
prospects: assisting them not only to be "belter teachers" but to work as coordinators, department heads, 
curriculum advisers, head teachers. This career component is more important in the STSP approach than 
the traditional curriculum because ofthe greater emphasis in STSP on school based curriculum develop- 
ment and involvement of teachers in school manngcmenl. It is important also because teachers see that 
the prograninic designers arc looking al the world from Iheleaehcrs' perspective, and notsimply regarding 
Ibc teachers as technicians who serve the purposes of the curriculum designers. And it is important for 
the long term development of schools and the school system because it enhances the quality of school 
leadership. 

The success of a curriculum projea and the quality of children's learning depend ultimately on the 
quality of the teachers. Teachers, much more than curriculum materials and broad educational policies, 
guide and effect social justice in education, because they guide the progress of each child in their care. 

Those who teach the teachers must do their work well. They need sound knowledge ofthe education 
in the country and must understand and value the problems of the teachers. The language and images that 
the trainers use must connca with the cxpciienec of the teachers. Teachers arc not leaky vessels to be 
topped up from time to time by an in-service programme, and now and again emptied and filled with a 
"new oil". In-service education programmes should be models ofthe good practice that the teachers 
thciM^jIvcs are expected to use: student centred, experiential, challenging current beliefs and eompelen- 
ecs, and extending them. 

Professional development docs not only occur during in-service education programmes. It occurs 
whenever teachers seek, try and implement new approaches. The stimulus might come from students, 
other teachers, reading, or self-analysis. Teachers need to be assisted with the skills of directing their own 
learning, and they need support structures and opportunities surrounding them which stimulate their own 
professional growth. 

Teacher Networks 

Teacher networks arc an important part of professional stimulus and growth. For example, consider 
the introduction of a new curriculum. As more teachers work with it, the opportunities for them to share 
their problems and successes increase. Also, individuals emerge who very quickly become successful and 
creative with it. Hence groups of teachers can be formed, with leaders from among them to facilitale 
further development. In large schools, the teachers within that school are natural groups, and systems of 
support can even be formalized within the school. For small schools it is necessary that networks form 
across schools. 

However, it is insufficient to leave these groups to themselves. The groups benefit greatly from 
"external support" from a consultant, academic, or person involved in the design of the innovation and 
the conduct of the first phase of training. This involvement also provides opportunities to identify problems 
the teachers face and give evaluative fcedhack on the innovation. 

Structured courses, workshops and conferences 

They can range in duration from half-day programmes to month-Ions; rcMu'ciilial courses Theyneed 
to be carefully planned, according to the princ:plcs described iu sccli:^u 1.1, "The Teacher as Learner'\ 

Preparation needs to be thorough so thai leaders know whal teaihcns have been doing in their 
schools and teachers know the purposes and prt gramme ofthe v^cHk:,hop. It is helpful if the teachers arc 
consulted during the development ofthe pro^^iamme. 

2(1 
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Workshops and conferences of ihls kind need lo be pari of a longer Icrm slralcgy. There should be 
foUow-up aelivilies - perhaps further workshops, visits by advisers lo Ihe schools, or opporlunilics for 
parlieipanls in the workshop lo maintain contact with each other and share further progress. 

U Ls preferable to have a number of teachers from a particular school attend the workshop at once, 
rather then a single representative. This provides an effective means of support for each teacher 
implementing the ideas at ihc school. 

An alternative lo the one-shot" workshop is lo have a number of sessions separated by periods in 
which the participants work in schools. Teachers come together for a workshop, then try the ideas over a 
period of days or weeks in their schools, then come together for a further workshop and discussion, and 
so on. This approach Ls belter able lo use the experiences of the teachers and lo support implementation 
of the workshop ideas. 

"Action Research" or Project Approaches 

By this si.ategy, teachers are given much greater responsibility lo choose the topic or area of their 
professional developmenl. They choose the area and design a projeel which will have direct value in their 
school, and through which they will develop new knowledge and skills. They might choose a process area 
^such as activity-based learning, ro-operalive learning, rcdueinggender bias in the classroom) or a content 
area (developing units of work, introducing '^quality of life" questions in the curriculum, helping students 
lo be effective learners). 

To work well, such projects need to have strong support from the school administration, a good 
group leader, and support from an outside person (perhaps a curriculum adviser, inspector, or lecturer 
from a teachers* college). 

Examples of Workshop Activities: 

Drafting a Unit 

1. Work in groups of foL " people. 

2. Choose a lopie area which you want to develop. Il should be one rich in possibilities and able 
U) be presented over about three weeks of class time. 

Topic: Fuel in the Kitchen 

3. Brainstorm passible content for the unit. Do this under hear^ings: 
Science: (I wonder....) 

Technology (1 wa* t ) 

Society (Should we.....) 
Personal Development 
Special Experiences. 

Try to get a similar number of ideas under each heading. Note the rules of brainstorming: Think 
laterally. Don't evaluate ideas in llie list until the list is Complete. Encourage all members of the group to 
Contribute, for cxiimple: 
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Science: Different fuels, heat value, where fuels come from, products of burning combustion, require- 
ments for efficient burning, heat transfer, tlie effects of cooking on food.... 

Tecltnology: Types ofstoK^s, designs, choice of materials, efficiency, transport of fuel, cooking vessels, 
convenience to user... 

Society: Environmental considerations: fuel supply, pollution, waste, conservation, economy, safety, 
health hazards, design, fashion 

Personal Developmmt: Decision-making, cooperative work, use of time, construction, probtern solving, 
planning skills, researching, values education 

Special experience.^: Cooking with different systems, exploring foods that are cooked in different ways, 
4. Draw concept maps or flow charts which show how ideas/activities might fit together. 



5. Brainstorm a possible "angle" or theme that will give the unit a sense of story, e.g., an 
environmental theme, a problem to be solved, a story about heroes, a setting. The angle you 
ckwse will give the unit character as well as continuity and coherence, as shown in the following 
example: 

Improving the efficiency of cooking in the students' own homes, looking especially at fuel use, heat 
losslsaivig, and environmental aspects. 

6. Draw a Flow Chart showing how the unit will develop. Think about: 

(a) whal ihc sludenir, will do 

(b) what ihc students will learn 

(c) how well it relates to the children's interests and experience 
This may be shown as follows; 

Observation of home situation 
Students exchange obsctvatiims 




Economy 



Pollution 
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Study of different designs: disadvantages and advantages 
Science off wis and bunting 

Decision-making of best cooking methods, and unjiroventents to existing methods 
Application of decisions individually in the home 
Sharing of home experience with community via school 
7. Present your flow chart to another group 

Drafting Teaching Strategies 

1. Work in groups of four. 

2. Choose mi "untypical" teaching/learning strategy such as: model building, role play, ereativ'e 
writing, drama and dance, hands-on activity, analysis of second-hand data, to use in your unit 
of work. Teaching strategics would either be small gri)up discussion or presentation of a chart. 

3. Develop an activity to go in your unit (from Part 2) that uses the chosen teaching strategy. 
Example: Vie group discussion will lead to the preparation and presentation of a chart to the whole 
class. The chart might belike this: 



Type i)f stove 


Number of 
houses using 
them 


Ease of 
lighting 


Cost 


Cooking time 


Environ, 
effects 


Woiid 












Charcoal 












Kerosene 












Lpc; 












Biogas 












Electric 












Microwave 













4. Run the activity with the group. 



Beyond In-service Programmes 

Trainiiigpr(igrammasarconlypartofthcprofcssionaldcvclopmcntandsuppi)rtoftcachers.Staffing 
and promotions polidcs, career opportunities, incentive schemes and professional recognition have 
important influence on teachers' involvemcnl in professional development and successful implemen tation. 
Support through consultancy. re.«.urcc centres, journals, networks and teacher associations need to be 
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available and well eoordinalcd. Laek of fmanec, leaehcr time, and unskilled programme leaders are 
constraints which can hinder the quality of the in-service courses. These aspects were discussed in Chapter 
One. 

2. Interactions with Parents, Other Personnel 
and the Local Community 

The work of teachers is not simply with the curriciihim and children. Teachers work within the 
organizational structure of the school, and the school in turn is linked to the educational system and the 
community. 

Teachers need to know the formal decision-making siruelurcs - the arrangements that exist for 
leadership, control and support in the school; the requirements of protocol and good manners; the 
expectations of them in the decision-making processes. They also need skills to analyze the formal and 
informal structures in the school and community, to work effectively within these structures, and to know 
where they can get help of different kinds by mobilizing these structures. 

Some techniques to develop these skills are offered below: 

• Analyze the organizational structures and power relationMps within the school and community. 
Teachers can be asked to draw organizational eharts that show both formal and informal 
decision-making structures in the school and identify "key people" that might assist with 
particular changes. Similarly, they can Identify people In the community relevant to particular 
ideas and projects; 

• WoHc effectively as a participani in decision-makinif and the development of the school. Teachers 
can work in *'simiilation" exercises, acting as group member or in interaction with a superior. 
Skills in listening, asserlivcncss, cooperation and conflict resolution need to be addressed. 

• Prepare arguments and infonnaiion and present their ideas to decision-ntakers. Teachers can 
practise, with guidance from an instructor, developing submissions lobe put to decision- makers. 
Both written and spoken submissions need to be considered. Part of the exercise can be the 
evaluation of other submissions. The preparation and presentation of reports should also be 
considered, whether they be reports to other sialT within the school, or to the community, 
funding agencies or the Ministry. 

• Negotiate with members of the school and the coinnmnity. Teachers need skills to negotiate 
particular changes, and arrange support and co-operation for particular activities. Through 
modelling, simulation and coaching these skills can be developed. 

• Examine their own skills, behaviours and career goals and consider how these relate to the life of 
the school and community. Teachers can make lists of their strengths and weaknesses as 
participants In the school and its interaction with the community. They can draw maps which 
show some of their major achievements and interests, and the way these achievements relate to 
each other in their career development, they can set goals and plan the next steps in their 
professional activity. 

The details of programme objectives, emphasis and interpretation will vary from one country to 
another according to the culture of the country, the structure of the society and the expectations and roles 
of teachers. These interpretations need to be worked through in each country. Variations, even within a 
country, have to be expected, as the education reforms reach the different ethnic and cultural groups and 
different physical environments. 

24 



3o 



implications for teacher training 



Other Personnel, Community and Parents 

Other education personnel, parenls, and community can havr significant roles in the development 
and implementation of new curricula, a school programme, or a class project. Their contribution comes 
in several ways - cooperation and assistance, giving direction lor further improvement, moral and/or 
fmancial support, supervision. 

The implications for teacher education come in two ways. First, teachers need to have the skilis and 
strategics for working effectively with the other groups. Second, the other groups need "professional 
development" that orients them to the work of the schools and assists them lo work with schools. There 
is a sense in which they become "teachers" through their iimilvcment in curriculum design, school 
operations, and the children's learninij. 

Parents 

Parents shi)uld be involved in schools and curriculum planning because of the stake they have in 
their children's education, the knowledge they have of their children's character, hopes and the aclivilics, 
their involvement in the local community and their insiglit into the needs and resources of the community. 
The achievements of schools are greatest when the values and ptirposes and approach of the schools arc 
in tunc with those the cliild experiences in family life, peer gr^iups, rcligioius observance, and other 
community activities. 

Arrangements can be made for parent involvcmcRl in schotil acrivitics at different levels: 

• Convmmicaiion: Parents need lo know vyhi4? the school is trying to achieve, what the children 
do at school and how their children arc progressing. Tcjxchcrs need to know about each child 
from the family's perspective and liic family's obscrvaiion of progress and/or difficulties. 
Effective communication with parents is fiot easily achieved. Some parents do not read, or read 
well in the language used at school. Some find schools and the symbols and language of schools 
daunting, so that a visit to the school, or discussion with a teacher or head teacher is hard for 
them. A range of approaches have to be used: meetings of parents of rhildren in a pariscular 
grade; one-to-one meetings beivw:cn a teachcf and the parents of a child, perhaps with the child 
present; social events which enable parents to mix with each other and ieaehcrs informally; 
newsletters, perhaps in a r:«imber of different languages. 

• Assi&iance in the fimntonmgofUte school: Helping with excursions or equipu.ent, working bees 
to improve facflil ics, the organization and conduct of social activities, assistance m eommumea-^ 
tions programmes, collection of data as part of surveys and programme evaluation. 

• Involvemeni in cnmcutwu planning and school governance: Informal involvement through 
participation in programme eva^iallon and needs asses?i!?ie3its; formal involvement through 
various p'anning comniillrcs, policy c(V'nmitlees, or School Coimcii/Sehool Board. 

Th;isc ihrcc levels of involvemet»» imply different levels of input from parents into the purposes and 
nature of :he curriculum in tliv school At the communications" level, Die leadership may still be strongly 
with teachers. At the "school go-.ej nance" level, the shared responsibility for curriculum planning is 
foimalized through commillees and organizational structures, and the balance of responsibility is set in 
"terms of reference" and membership foi each committee. 

There is bound to he conflict at times between parents and school, at least for some parents and 
some teachers or administrators. The conflict can be between educational values and cultures within the 
school community, between different views of correct processes in cnuimunieation and decision-making, 
and between judgeinerits of right and wrong hcliaviouis/aclions - whether of a child, a teacher, a parent 
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or an admini&lralor. Conflict is not necessarily negative. Il may be simply an expression of different ways 
of doing things, and as such, a stimulus for belter solutions. 

For example, a parent may ''guide" the child towards a particular field or future in which the child 
is not interested, or the parents may want the child to slay home from school to help the family earn its 
living. The teacher can play a significant role as a "bridge" between parent and child. But i| is not clear 
where ihc teachers responsibility or right to be involved starts and slops. The following example may be 
used: 

A Learning Workshop for Parents 

1 . Did sdiooiing: dnes sciiootin^ dr> wiial it sfiouid do? 

Parents recall ihc society Dcy lived »t as children, and the schooling they had. Did schooling 
exist for t hem-V Did it work ior ii>em ? What arc their most vivid memories of Ihcir teachers and 
schools? What were the ihings Jearneti thai have been most useful since? How has the world 
changed over the last 30 years? How diffciCit is their education from what il is now? 

2. Leamifif^ is simplCy or is ii? 

Parents recall a reeenl situation where they learned somrthing new: using a tool, i ^erslanding 
a situation, etc. They \w\V to each other about the processes they \yenl through tliat they thought 
were important in the success of that learning, (iroups atlcinpl to come up with some general 
statements. 

3. Current approadics to i^eiping children learn 

A school reprcsonlativc talks to the parents about current approaches lo teaching and learning 
in the school, linkijig currcnl approaches back to ihc parents* ideas. 

In both prc-scrvice and in-acrvice teacher education, the issues of parent involvement in schooling 
need to be addressed, and teuchcrs need to be assisted lo develop competence in working with parents. 

Schools and governments also need to eondnci programmes which help parents to understand the 
roles that Ihey might play in schooling, and develop ihe skills ihcy need in order to work effectively in 
schools. tMlimatcly, their involvement should make a difference lo ihc learning outcomes of children a( 
the school. 

Community 

The modern concepts of "commuuity and school" and their intcr^rclationships, the study of 
community groups, identification of resources and ihcir ulili7^tion for the well being of the individual and 
the community, improvement of the environment, population problems, issues related to local and national 
dcveiopmcni. Education for AH an{\SdenceforAll as wc have described ihcm require strong intcraclion 
between scho()l and coniinunity. 

Commuiiity involvement can assist and support the school in curriculum development an'! planning 
Inlhis sense il is like parent involvement, improvinglhc school through involve men tin I he life of the school. 

There is a second aspect - the cKlcnsion of the school inlo the life of the community. Involvement 
of the school in the comniuni{> provides opportunities for the sludcnls lo link theory to practice, action 
to reflection; lo seek solutions to practical and social problems, to make decisions, to work cooperatively. 

Community involvement in schooling and school involvement in the community both require 
adminislrative support and programmes of professional development for teachers and members of the 
community. 
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Education Personnel 

Educational adminislralorsand support persons, whether ai the school kvel (coordinators and head 
teachers), the district level (supervisors and consultanls). or the regional and slate levels have eritteal roles 
10 play in curriculum planning and implementation. 

Workshops for School Administrators and Teachers 
in their Roles in School Management Focus on Planning 

Workshops and discussion sessions can be organized on various llieme.' witicit need to be supported hy 
prognnnmes for tin- development of skills and stralCffcs. Questions could be raised like: 

. What rrcedom/rcsponsibililes does/do the schtral have for planning In curriculum? Resource 

allocation to (he sehu)l? Resource allocation v^ilhin the school? 
, What areas of operation within the school can benent from a co-ordinated approach lo school 
planning? Teaching strategies in different classes? School "climate"? Use of resources? Dis- 
cipline? Reporting to parents? Curriculum development? 
. What arc some of the major "problems" that the school is facing? How can they benefil from 

wide involvement in analysis and planning? 
, Do members of the school share a vision of what the school's future development might be? 
Existing policies and initiatives in the school con he ctwrdinaledso as to reflect that vision? Questions 
that mav he raised are as follows: 

. What arc Ihc steps in the pbmiing process, and what skills do people have for identifying 

problems, creating solutions, setting goals, and achieving goals? 
. What administrative structures and processes CKist for making decisions that have wide effeel 
in the school? 

, What is the "work climate" like in the school, for teaclters, students and administrators? To 
what extent is the climate sustained in order to encourage the continuing quest for school 
improvement? 

Curriculum innovation is unlikely to make progress in a school if it is not supported by the head 
teacher and other school administrators. Educational achievement dependson the administrative climate, 
and the culture of the school, including a sense of shared vision andcommon direction among the teachers. 
School management, and the involvement of school administrators it^ curriculum leadership has much to 
do with curriculum innovation. 

Similarly, district and regional persouuel need to have a good understanding of curriculum changes 
In progress, and of the processes of leadership and change. Supervisors and consultants need special 
programmes lo acquaint them with new techniques, materials, methods, equipment, concepts, manage- 
ment practices, and structural arrangements. They must understand their role in Uacher training. 
Including their responsibilities ti»support teachers and head teachers in the adminislralivc domain. They 
must be given programmes which help ihcm develop their skills in consultancy, supervision and school 
sc,,port. 

A Summary of Roles: Parents, Community and Education Personnel 

The following list provides a summary of the roles of education personnel, communUy and parents 
in educational Innovation. The lists make clear the importance of including parents and community 
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involvcmcnl andcducatioaai adminislralivc systems as componcnJsof teacher education (both prc-service 
and in-service) and of providing educational programmes for Ihc community, parents and educational 
administrators to assist ihem in their curriculum roles. 

Education Personnel 
Headmastm/Phncipals 

• provide leadership and effective management in scluiol development and the interaction of the 
school with parents, community and other agencies; 

• administer staff, time allotments, resources, and programmes; 

• procure materials, equipment and uhcr facilities; 

• assist and supervise teachers in their work; 

• encourage teachers and students in currieular and extra curricular activities such as science 
quizzes, fairs, community intervention. 

Supervisors, inspectors, consultants 

• assist teachers to undc. stand policy, improve their teaching, develop curriculum,and participate 
in seh<x)l planning; 

• assist head teachers and coordinators within the school to understand administrative ap- 
proaches and improve their maniigemcnl skills; 

• supervise the activities of teachers and schools; 

• work with head teachers in identifying problems in facilities, staffing, curriculum and ad- 
ministrative support, and facilitate the flow of requirements within the system; 

• organize training courses/scminars/workshops for teachers, parents, community, and educa- 
tional adminislrators. 

Directors and Superintendents 

• give directions (both up and down the administrative system) about changes needed for ihc 
improvement of the system; 

• provide educational leadership and effective management of support services, staffing 
provision, resources and facilities In the region; 

• implement curricula and profcssiona' development programmes; 

• administer examinations and progr mmc evaluations; 

• recruit and transfer leaching slafl, 

41 make policies at the district, division, and/or regional level such as those related tot he upgrading 
of teachers, providing incentives for teachers, supervision, tasks of headmasters, and activities 
for students; 

• facilitate the prociircmem of facilities and equipment. 
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Community 

Community Leaders 

, provide an cnvironm;.:«it (peace and order, struclural) and services (Iransporlalion elc.) that 
Tacililalcs cfTceiivc schooling; 

. support Ihe school through pr<wision of resources, access to community resources, and assis- 
tance of voluntary organizations, volunteers and donors; 

• input to curriculum planning Id meet local needs. 
OrgamzationslAssociatiims (including Government Organizations) 

• support and assist in extra-curricular activities; 

• provide facilities and mobilizing manpower for educational activities; 

• promote projects which provide professional development for teachers, head teachers, and 
other education personnel, and for community leaders, parents, and organizations in their roles 
in education; 

. promote education of disabled and disadvantaged people in terms of moral and/or financial 
support; 

• participate in curriculum planning and implementation; 

• improve the coordination of their own programmes with school programmes. 

Parents 

. motivate and support their children, including expenditures in their children's education; 

• guide and assist children in their school work; 

• provide moral and financial support for the school; 

. attend school functions that promote better relationship between parents, child and thcteachcr; 

. accept the responsibilities that they have to understand what the school is trying to do; 

. work with the school to improve the children's educational acbievcmcnls in terms of their 

perceptions and values on the education of their children; 
. bcinvolvcdincurriculumplanningandevaluationofthcqiialityofimplemenlalioninthcschool. 

3, Supporting System for Teacher Improvement 

A large number of experiences from different countries arc available, which speak of channels and 
structures available for the improvement of the teacher, and teacher education as a whole. 

Inputs tbrough government, voluntary groups and private industry can help science teachers and 
extend and support the science curriculum. They can provide opportunities for students to sec sacnce in 
the work-place. They can assist student s to understand the roles of work in the lives of the individual and 
society, and develop skills that have value in the workplace. 

Examples of support systems are indicated on the following page. 
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Curriculum developers, teacher educators, consultants, trainers and subject experts may be mobi- 
li/ed though a network of resource centres: 
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School Clujiler Systems/School Teachers 



A similar pattern of a networks of science clubs help the teacher in carrying out particularly 
cxpef imenls and activities which involve out-of-sehool situations. 

National Science Clubs 

t 

Regional (and other sub-national level) Science Clubs 

I 

Seh(x)l Science Clubs 



Voluntary groups of science teachers, through their associations, canenrieh theleaeher for improv- 
ing the teaching / learning process through mutual interaction and peer learning, by organizing seminars, 
training programmes and classroom activities, 




Science Teachers Association 
(National level) 

Science Teachers Association 
Community (Regional and other sub-national Levels) 

\ . I 

Science Teachers of Different Schools 
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The enrichment of stienee teachers wilh science knowledge, skills for interacting with children, 
community and professionals through the above organizational structures could be possible through 
activities like: 

• organizing seminars and workshops; 

• talks from community ciders, social workers, professionals; 

• publishing and disseminating magazines, ncwslellcrs; 

• updating school libraries; 

• upgrading school laboratories and science corners; 

• setting up and supporting public libraries and information centres; 

• organizing science fairs in schools for the community; 

• encouraging projects related to science that deal with problems of the community; 

. providing incentives through fellowships and leave for self improvement of science teachers; 

• developing children's activities based on the local environment; 

• developing lest items to be used at schi>ol level; 

• sharing new information among schools; 

• discussing problems encountered in the classroom. 

Radio and television pri»grammcs on science and technology and their usefulness to society, and 
answering children and teachers queries can be of gainful use to the science teacher. 

In many countries, elements of the above mechanisms already exist. Existing elements may need 
strengthening and other elements may need to be added. 

Of special importance is the gradual development of a knowledge flow system that can respond 
rapidly to changing needs of schools and the curriculum. Thus indudes effective mechanisms to enable 
teachers in remote and disadvantaged areas to Indicate their knowledge reference needs and have those 
needs met. The incrcasingopporlunilics for multiple media, ineludinglelceommunications and electronics 
(compact discs, floppy discs, modems) as well as print should be recognized. 

Networks, which currently exist independently can be coordinated and linked inio SLholisdc national 
- regional - sub- regional two-way (user - producer) flow structure. Such a network could incorporate 
all potential rcst)urec generators, including those outside the education system (such as agriculture, 
forestry, Qsherics, health, rural development^ small industries, information, broadcasting). 

The development of an integrated national knowledge (low system linked into international networks 
such as UNISIST and ERIC needs to be considered early, so that the compatibility of systems can be 
ensured. Plans might include translation of foreign materials into the national languagc(s). 
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Application in Real Life Situations: 
Some Examples 



A Model for Evaluating Curriculum Units 



Progress in science education over the last 30 years can be considered as development in the three 
dimensions shown in Fig 2. The three dimensions define a "spaee" into which curriculum units can be 
placed according to their treatment of the child as learner, the dcrinition of science, and the extent to 
which "non-science*' is included in the curriculum. Progress has bccn» in many ways, a move along the 
diagonal from the "pure science - science as knowledge - child as receiver'* corner to the "scienec/non- 
sciencc — quality of life — child in community*' a)rner. 
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FigJ Model for EvaluaiingOirriculuni Unils 
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The firsl dimension shows diffcrcnl ways of thinking aboul the child as learner. Il progresses from 
a subject centred approach (with emphasis on the child receiving knowledge), through a "child and 
seiencc" approach (with emphasis on learning through doing), to a "child in the community" approach 
(with emphasis on learning in the context of the child's purposes in the local environment). 

The second dimension refers to Ihc definition of "science^*. It progresses from pure science 
(theoretical concepts ami theories and the processes of generating and testing them), to seiencc and its 
applications in daily life, to science as a means of solving technical problems, to science as a means of 
personal and community development. It indicates the extent to which human action, values, personal 
development and nualily of life are admitted as components of the science curriculum. 

For example, at the science as knowledge end, a lesson might teach levers and the principle of 
moments- The children would then be tested on whether they can recite the principle and use it to solve 
set problems. When the approach is extended lo applications, students might examine instances of levers 
in their community. Extended lo solving technical problems, a situation might be prcsemed such as lifting 
a load, where the lever (or a pulley, ramp, or hydraulic jack) is a possible answer. This is a technical problem 
only, iii so far as il has no values component. There is m> concern for whether one solution is "better" than 
the other, only for a machine that is able to do the job. Tlie next extension introduces a values component 
and raises issues of "quality of life \ It might be noted that workers in the village carry baskets of rocks or 
eemenl by hand. The students design and discuss some possible solutions, including the science of their 
operation. A wheel barrow or a conveyer belt system could be provided, but il would cost the owner money, 
and it might put some workers out of employment. What should be done? Who benefits? What is lost? 

"Quality of life" encompasses material well-being (economic development, hygiene, nutrition, 
shelter, environment). It also includes personal well-being. Personal well-being is the extent to which 
individuals realize their humaneness. Il has spiritual and moral components. It is a measure of the power 
that individuals have in their lives, through their abilities to think, respect themselves, communicate, feel, 
take action, participate fully in the lifeoflhe eonmunily. It concerns the human being both as an individual 
person whose life is unique, and a social person whose life is shared. At ihe community level, "quality of 
life" also raises issues of justice in the dislribuliiin and accessibility of "goods" in the ftociety. 

The third dimension indicates the extent to which the seiencc curriculum extends into "non-science" 
- especially into economies, social studies, cuUure, politics, environmental education and moral educa- 
tion. The extension is nol into formal instruction in, say, economic theory, but rather to recognize that 
resolution of "quality of life" problems requires consideration of more than the pure science and 
technology aspects. Selling science In the cotUexl of quality of life places science firmly in the service of 
the general curriculum and the broad purposes of schooling. 

The model In Fig. 2 can be used lo evaluate a science unit: the unit can be "placed" in the space 
acec^rding to the way it treats the different dimensions. 

It can also be used in curriculum dcsign.The curriculum developers can choose a point in the space 
which they think is most appropriate in their country or school and design the unit accordingly. It is likely 
that they will choose different points in the space for different units and so create a range of approaches. 

The design of a unit depends on how far thedevclopers chcwse to move towards the "quality of life'^ 
corner of the space. It also depends on the way they choose lo start the unit, and the subsequem How of 
ideas. Three alternatives are shown in Fig. X There are many others. 
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^tg' Different approaches to the flow of ideas. 
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Curriculum Examples: 

The examples below arc from the various participating countries. Thcy illustrate difTcrcnl ap- 
proaches to science and its applications in the local community and to the issues of quality of life. They 
have been analyzed according to the ideas in Fig 2 and Fig 3, to provide the aimmentarics given with the 
unit outlines. 

The first five examples all address questions of water supply and water quality. They are included 
because thcy demonstrate different leaching approaches and emphasis and the range of approaches that 
can be used lo address particular content and purposes. 

Example 1: Hand Water Pump 

People in our countries use water pumps abundantly. Often thcy create problems of malfunction, 
due to leaking, difficulty of operation, water not lifting up, breaking of nuts, or corrosion. There can also 
be problems with location of the pump, costs, and whether a new bore is required or the pump placed on 
an existing well. This sequence addresses the first concern: the functioning of the pump. The other 
concerns arc taken up subsequently. 

Activity 1 

• Ask the students how many of them have a water pump in their own houses and how many of 
them use the community water pump. 

• Ask them to list the problems which arc encountered in using and maintaining the pump. 

• Indicate that the purpose of the lesson sequence is no\ only to know more science, but also to 
eonlribule to the welfare i>f ihe community they live in as responsible citizens. 
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Activity 2 

• Observe and examine the parts of ihe pump (on site if possible). 

. Diseussion and Icarning/leaehing (wilh relevanl student aetivities) on the meehanism and 
workin V principles. Student worksheets related to the lever, water pressure, lift and forec 
pumps, should be used for group work, racililatexl by the teacher). 

Activity 3 

. Divide the students into groups with four or five students in each group. (The criterion for 

selection is that the students live near each other). 
. Assign each group to survey four or five houses which are close to their own homes and do the 

following (Their own homes may be included in the survey): 

1. Interview the people. 

- List any problems they have with water pumps. 

- List ways they try to solve these problems. 

2. Observe the base and the surroundings of the pump. 

- What materials arc used to make the base of the pump? 

- Is there a proper drainage system? 

- Is the waste water stagnating near the pump? 

- Are the surroundings clean? 

Activity 4 

. Ask the students to check the problems which they gathered and make one complete list for the 
class. 

• Discuss the problems and classify them under three headings: 

- Problems they can solve themselves. 

- Problems that can be solved wilh the help of others. 

- Problems that cannot be solved at present. 

. Discuss the validity of the criteria used in the classification, in the context of the real situation 
in the community. 
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Activity 5 

Give every student the rollowing learning/practiee opportunities with real pumps. Support with 
diagrams. A technician from the community may help. Alternatives to the parts of the pump 
may be considered (sueh as for the washer). 

- Changing the washer. 
Fixing the nut. 

- Oiling the different parts. 

• Discuss and plan for the establishment of a student mobile repair team to help the eommunity. 

Activity 6 

• Discuss the various effects on people of water stagnating near the pump. 

• Discuss how the surroundings of the pump may be improved. 

• Plan and take aetion to improve the surroundings of pumps in the village. 
(The local or visit' ^ Health Officer may help with discussion and planning) 

Activity 7 

Assign to the students the following as homework. 

i) Find out how much water they get in one stroke of the pump. (The students discuss and plan 
their procedures for this activity) 

ii) Is the handle of the pump easy or difficult to operate? 

iii) Can a small child (e.g. their younger brother and sister) operate the pump without much efforts 
or do they need Ihc help of Ihc adults? 

iv) Bring lo school some water sample in a clean botlle. 

Activity 8 

Test a sample of water for lurhidily, hardness and softness, ct)lour and smclL If possible, test for the 
pressure of micro-organisms, by sending the sample to a nearby laboratory. Student worksheets are used 
for this activity, done as group work. 

Activity 9 

• For homework, students collect information on local methods for improving hardness/turbidity 
of water. These arc presented in class. 

• Do aclivilies for removing the hardness & turbidity of water. 
(Student worksheets arc used for this activity, done as group work). 
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• Discuss the effect on human being?; of micro-organisms, if any, found in water. 

• Discuss the methods used for the removal of micro-organisms from the water. 

(These could involve expository leaching by the teacher, possibly helped by the local or visiting 
Health Officers.) 

Activity 10 

. Ask the students to observe and report the following about the containers which are being used 
in their own homes for aillect ing drinking water . Describe the type of container used eg. plastic, 
stainless steel, jars made from clay, etc. 

• Are the containers washed before each filling? How often? 
Occasionally, when they look dirty? 

• Arc the a)nlainers covered or kept open? 

• What is the condition of the place where the containers are kept, such as dark or lighted, clean 
or dirty, raised or under the stair case etc. 

• Observe and report how water is drawn from the main container into smaller vessels. 

Activity 11 

Discuss the possible effects or problems that may be created by unclean vessels and containers, 
uncovered vessels, and the condition of the place where the coiUaincrs and vessels are kept. 
(Assistance may be provided by the local or visiting Health Officer), 

Activity 12 

• Discuss proper and hygienic ways of cleaning the containers and vessels, and practice using 
these iiicth4)ds. 

. Demonslralc some mclhods which can be used when drawing (he water from the container to 

small vessels. Sludcnis practice these methods also, 
. Discuss and plan how the school can help the community improve the storage of safe drinking 

water, 

Commentary 

The lesson sequence addresses Ihc following: 

. Social iiucrvctitm in rcladm lo a lecUnolofy: The lift pump is vital to the quality of life of the 

communities. The lessons raise the values benefits, customs and social questions as well as 

looking at the technology. 
. Science cm,cr/JU.- These arc treated in Ihc a,nlcxt of application in relation lo levers and water 

prcs-sure. learned using pupil worksheets, with group di.scussion facilitated by the teacher. 
. Ptnmal dex'chpmcnt: This includes science process skills such as communicating with people, 

planning for action (e.g. impr.wing the sanitation near the pump area) observation, data 

collection, inference, clc. 

4j 



BEST COF^ AVAILABLE 



Science for all and the quality of life 



• Technology: ihc repair and maintenance of the water pump; techniques for cleaning vessels to 
hold water, and for transferring water hygicnically. 

• Quality of life: contributed to from the above, and collect ive responsibilities for maintaining the 
quality of life recognized, including social intervention contributions by the students and the 
sch'^oi. 

Example 2: Danger In The River 

Vie story was developed by a conference group in Kuala Lumpur in 1989. ft shorn some of the ways 
that vahtes and ethics can be integrated into science lessons, and ways students can be involved in lesson 
planning. 

Day I 

Ana walked over to her C.rade 8 classroom. During the last week, the class had been working on the 
topic *Chemical Pollutants'. Halfway through the lesson, she noticed Lee was scratching all over his body. 
She wenf over to him and was surprised to see Lec had rashes all over his body. She asked him what caused 
the rashes. He said he didn't know. He thought it may be something he had eaten. Some students thought 
it might be that he had brushed against a particular tree. Others thought it was because he had been 
swimming the nighl before in the Sunway River. Ana asked the class for evidences for each of these 
explanations. Lcc had not eaten different foods, or been among bushes or insects recently. He had been 
in the Sunway River. Another student had also developed rashes after swimming in the river. 

Lee was later taken to the hospital for treatment. 
Day 2 

"Arc you okay? What did the doctor say?" Lcc replied that he had a reaction to chemicals. "Where 
do you think Lcc got into contact with the chemicals?" "It must be from the river!" Sarada answered. Ana 
thought this was a good opportunity to link what has been taught to a real situation. Ana asked her class 
whether they would like to spend mt>rc limc investigating this matter and many agreed. 

Ana posed the question "How can we find out what pollutants there arc in the river that might have 
caused Lee's rashes". Soon the class had assembled a list of tasks. 

Ana wrote them on the board: 

1 . Collect water sample from the river. 

2. Test the water sample. 

3. Search any source that is responsible in polluting the river. 

4. Interview local residents to see if the water from the river had created problems to them. 

She divided the class into four groups. (Woups A and B were to look into matters 1 and 2. Ana would 
take the leaders of these two groups to the river after school so that testing can be done immediately. 
Sonya, the lab assistant, agreed to help. 

Ana assigned tasks 3 and 4 to (Jroups C and D respectively. Ana requested Abdul, the chemistry 
teacher, to guide (iroups C and D. The visils to the river and the local residents were to be done outside 
school hours. 



50 



Application 'n real life situations 



S()t»e siutU njs volunlcercd Ui go lo ihc library to gather informaiion related lo the topic, especially 
for informal itir. c>t! .hcmicafs that mighl be harmful lo humans. 

Day 3 

The water samples fiora the river were te&lcd using the techniques that had been learned the week 
bernre. Ana was pleased at ihc level of interest that the students had in their work. 

Day 4 

Testing of water samples was completed. Ana received the resutts in written reports. For both 
(jToups A and B the results were similar. Sopic the leader of (}roup A gave a brief account of what they 
have done and their findings. They found thai the percentage of dissolved oxygen was very low. Sopie 
noted that this explained the fact why ihere were not many Hshes or aquatic animals in the river. Traces 
of lead and mercury were also found in the water samples. 

**Whcre did these compounds come from?" Sara asked. 

Ana explained, "Before we answer that questitjn we should try to make inferences and conclusions 
about the findings. Should the compounds be in the river in the first place?" "Deanitcly not", the children 
answered. Therefore, we can say that the river is polluted. 

Day 5 

With the help of Abdul the chemistry teacher. (Iroup ^ reported that they had found a paper factory 
5 km. North. "This is probably where the pollutants come from". Further investigations needed to be 
carried out. For example what arc the proces.ses going on in the factory etc. Lee rc ported that farmers 
and villagers along the river also emptied refuse and waste into the river. The groups argued that U was 
unlikely that this waste included mercury and lead. On the other hand, they did not know whK h chemiciils 
had caused Lee*s rashes. 

At the same time, ( Jroup 4 was having interesting interviews with local residents and employers of 
the factory. Ana helped them in preparing the interviews and the kind of cjucstions to he asked. 

Day 6 

From the interviews and investigations the groups presented some facts and data. U was found that 
the paper factory was dumping large volumes of chemical waste into the river. Another intcrestmg fact 
was that almost half of Sonway residents were employers of the factory! Ana posed the question. What 
action should be taken? 

The situation was, put on the board: 

• River is polluted. 

• Faelory is polluting the river. 

• Faclory employs local residents. 

The children were eager to give their opinion. To them, the solution was obvious: close down the 
faclory. 
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Ana poinlcd nul that ihc problem can be looked at from three dilTcrent points of view and the 
implications: the factory owner, factory workers and users of the river. Ana led the class in the discussion 
and they came up with three t)plions: 

1 . Close down the factory. inj plies thai the factory owner will lose his business and the workers 
will lose their jobs. 

2. Hie owner has to biiiid a pmpcr dumping place or treat the chemical wastes before dumping them 
into (he riivr This will increase the factory's over-head expenses and whether the factory can 
handle ihis is yel to be discovered- 

3. Leave it as it is. Dcfinllely, it affects the users of the river. Lce*s rashes was one evidence, lack 
offish was another. 

Ana was pleased at the end of discussion. Involvement was high and the children had raised good 
questions, Students were aware of the situation and the difficulties in solving it. They have learnt that they 
need to be open-minded and willing to accept other people's opinion. She went home thinking about what 
the next steps for the class might be. She knew that some students wanted to take up the issue with the 
village factory and with the factory owner. 

(From; Values and Ethics in the Science Curriculum, 
1<)S9 Workshop Report, UNESCO, in press) 

Example 3: Water Pollution and the Growth of Duckweed (an aquatic plant) 

Objectives: Upon completion of the unit, students should be able to: 

• describe I he meaning of water pollution 

• describe several causes of water pollution 

• identify means to prevent water from being p(»l luted 

• take individual responsibility for preventing waler pollution 

Domestic Wastes: 

The teacher leads discussion of waste water from households, to help the students understand the 
meaning of water pollution, then raises que<;tions about the causes. This provides a lead-in to the activity 
below. 

Activity: 

On completion of the activity the students should be able to 

• draw conclusions on the effect of concentration of detergent solution on the growth of duck- 
weed; 

• describe how domestic W'astes can cause water pollution 

Time required: 4() mins 

Maif'riaLs: Duckweeds of equal sizes (50) 

Fehpcn, syringe (25 niL), stirrer, plastic boxes; 

Detergent solutions, {).]%,{).{){%, 0.001%,(I.(X)0I%. tap waler. Students will use 20 
mL ([uanlitics of the detergent soluUons 
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Preparations: Preparations should be done five days in advance. 

1 . Pul stalks of duckweed in a plastic bag containing 500 mL of tapwater, 

2. Prepare a 0.1% solution by dissolving 1 gram ofdetcrgent in 100 mLof water. 

3. Prepare a 0.01% solution by taking 50 mL of the 0.1% solution and adding 450 ml of tapwater. 

4. Prepare 0.001% and 0.0001% solutions, using the same logic as in (3) 
Instructions to students: 

\. Set up 5 plastic boxes, each one with a diflerent detergent solution and one with tapwaier. Label 
each box according to the concentration ofdetcrgent in it, including the boxcontaininglapwater. 

2. Select 50 stalks of duckweed of the same size. Use a stirrer to transfer 10 stalks to each of the 
labelled boxes. Arrange the plants so the roots arc dipping into the solution. 

3. Do not let the boxes dry. Add solutions to their respective containers, as frequent as necessary. 

4. Place all four containers in a similar environment: similarly exposed to sunlight, wind, humidity, 
etc. 

Discussion of Results: 

The delcrgenl solution of 0.1% caused all the duckweeds to turn yellow and dic.The 0.01% solution 
had no effect on the weeds at the beginning but gradually changed their colour from fresh green to pale 
yellow. The weeds in the 0.001%, 0.0001% solutions and lapwater grewwelLThe colour stayed frcsh green 
and some plants grew new leaves. The number of new leaves in the 0.0001% solution was greater than in 
lapwalcr. This suggests thai large concent rations of detergent are harmful to duckweeds, b«^ very small 
cnncentrations may even be helpful. 

(The detergent is a phasphale compound* Concentrations of order 15 parts per million help aquatic 
plants to grow Nvcll.) 

The effects on other plants can be discussed. 

Aquatic plants are useful to the environment. They increase the dissolved oxygen in water through 
photosynthesis. However, they may cause damage to or impede water flow. In addition, when ihe plants 
die, the organic substances which are gi)od nutrients for micro -organisms increase in quantity, and ihis 
can pollute the water. 

Further Activities: 

Similar activities can follow, where students discuss industrial wastes (e.g., high temperature 
untreated water, toxic substances such as mercury, lead, cadmium, and oil) and then do an experiment 
where they test the effect of (used) motor oil on Elodea and other aquatic plants. Students can discuss 
means of removing oil spills, and some of the major aecideiils that have occurred with oil spills in rivers 
and sea. 

Commentary 

The lopic starts from a social problem. The study can lead to an improvement in the qualily of life, 
as students learn some of the effects of water pollution in their community, and ways to reduce them. H 
alsoconlainsthc science concepts related to -vatcr pollution. Further, the students get opportunity to learn 
a variety of skills by conducting experiments, discussing and sharing their observations, collecting data 
and arialy7.ing them. 

5j 
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The lopic goes beyond ihe science concepts. The students are expected to take greater individual 
responsibility for the prevcnlion of water pollution in their homes and community. Tins creates a sense of 
belonging to the community and builds satisfaction and confidence in the students. Such an activity 
contributes to the personal development of the studcnlsand allows them to apply their science knowledge 
in their real life situation. Science becomes more meaningful for students and gives (hem opportunity to 
take part in and make decisions on community development. 

Example 4: The ^aucet 

Water is an important resource which must be conserved. This is the main idea developed in this 
lesson. The social technological contexts are emphasized. The lesson starts with an activity that presents 
the social aspects, the community using water, and draws out the attitudes and values of students, raising 
awareness of the importance of water in their lives. The science aspect of the lesson comes when the water 
cycle and the sources ofwaler (as ground water and surface water) arc discussed. The fact that populations 
have grown and therefore people have to live further from water sources leads (o the problem of obtaining 
water and distributing it to the useis. This is where the technological aspects of the lesson are presented. 
The water faucet and the water meter arc studied to help the students appreciate these technological 
devices, and develop confidence and a better quality of life through these devices. The necessity for 
conserving water becomes more evident with the use of the water mete 

Activity 1 : The value of water 

Ask students to list ways in which the 
community uses water. Combine the 
students ideas into a single list 
the blackboard and ask students to rate 
their importance. Ask them to defend 
their positions. Allow lime for 
discussion if students are divided in 
their ratings. 

Activity 2: How different families use water 

Let the students estimate the amount ofwaler 
their family uses for each activity in one day. 
Call on 5 - 6 students to fill out a table on the 
board with estimated averages. 

Distribute a worksheet on which they are to 
record hrjw much water they use in one day, 
by estimating their water use in different 
activities. This can be a family activity. Tell them 
to make a list of the aclivilics that require the 
use of water, and the amounts " "d. 

If some have difficulty making estimations, 
give them guidance on the volume of water 
in a cup, a pail, etc. 
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Conflicts which arose 
from students* rating 
on a^ement and 
disagreement is a 
clarification 
activity which enables 
the students to think 
of the value ofwaler 
for (henu 



Students realize that 
large amounts of 
water are consumed in 
certain activities 
and the need for 
water conservatiofV 
Vie data is a basis 
for discussing issues 
about lifestyles of 
people. 
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Discussion: 

Combine Ihc data from different families. Have the students rank the activities from the greatest to 
the least user of water. Then ask questions like: 

• Is the gjven amount of water used in each aelivity by each family the same, or is it different? 
If they differ, what contributed to the difference? 

« Could the families use less water for the same purpose? How? 

• Would the lime of day or month affect the amount of water you used for each activity? Cite 
examples. 

• Ask lliem to make generalizations from their analysis of the data . 

Activity 3: Population and Water Supply 

Distribute the UNESCO UNEP list of 10 worst environmental problems. One of these is the 
decrease in water supply. These problems arose as a result of increasing demands on finite resources. 
These demands came from many sources, but the two significant developments which made this problem 
critical are: 

• the rapid escalation of living standards of most of the industrialized countries since 1950; 

• the very significant increase in the population of other countries (which have 75% of world 
poptilation). 

Thus, we have 2 kinds of population: 

• One that is static in size with increasing consumption of resources (high coTisuming population). 

• One that is increasing in size with increasing consumption of resources (low consuming 
population). 

On the basis of this information, have students explore ideas about the impact of population growth 
and people & lifestyle on the water supply. Observations and experiences that will come out will be the 
basis on which students' decisions will be made. 

Activity 4: Sources of water 

Ask the students about the sources of their water supply 
and how do they obtain their water from these sources. 
Discuss the water cycle to show how surface water, 
ground water and rain water are formed. 

Activity 5: The faucet 

Show illustrations of the different types of faucet. 
Ask them to point out the type of faucet they use at 
home and the different parts of the faucet. Let them 
explain how the faucets work in their homes. It would 
be belter if you show them actual samples of faucet 
particularly the screw type. Have at least, 
one working (actual) model. 



77ie science pan of 
the lesson is 
presented - water is 
a natural resource- 



Vie technology aspect 
of the lesson is 
developed in this 
part. Students study 
the structure of g 
faucet. 
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Find out how oflcn Ihcy use their faucets 
each day and what happens to their Taucct if 
not used properly and wkh constant use. 
This will lead them to answer that sometimes 
their Tauccls leak. Follow up your questioning a& 
to the causes of a leaking faucet and what is to 
be done about it. 

Ask how many have lealcing faucets at home 
or once had a leaking faucet. Have them 
fmd oul how much water is wasted from a 
leaking faucet. Assign those with leaking 
faucets at home to make measurements. 
Tell them to set a container under a leaking 
faucet for one hour. Measure the amount 
of water they collected. Then multiply the 
amount by 24 to obtain the amount of water 
wasted in one day. Let them estimate how much 
might be last In the entire village or city. 

Activity 6: Repairing a leaking faucet 

Ask them if they know how to repair a leaking 
faucet. Tell them that they will be doing this 
in the next activity. 

Distribute a worksheet showing the parts of a 
faucet and the way to change the washer. Have 
them to do the activity in groups. Have them 
aKso inquire about the cost of getting a plumber 
to come to fix the faucet. 



Vie idea that technology 
also fails is presented. 
Knowing the amount of 
water wasted from a 
leaking faucet leads the 
students do certain actions, 
in tfiis case repairing a 
leaking faucet. 



Viis activity is developed 
to g^ve students self 
respect and confidence 
in themselves with the 
skills and knowledge 
they gained in this 
activity. 



Activity 7: Water Meters 

Students do a .survey to see if water meters in 
their town arc all of the same kind. With 
the help of worksheets they learn to read a 
water meter and check a water bill. 



Shidents develop 
confidence can understand 
the bills Oiey have to pay, 
and no longer see 
themselves as being 
governed by the 
tecfuiology. 
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Examples: Green Gunge 

Tfie unit is for Year 7 students. Its topic is water purity, separation techniques and conservation. It is 
told as a story to show how students can be a part of lesson planning and mana^ng their own learning, 

Maggie inlroduced Ihc unit to her class: 

*Thcrc has been an inlerruption in ihe normal supply of water beeause the Sehool Couneil has not 
paid its water rates. The only water available for use in the next month is this *green gunge* from the local 
ereek". She passed a sample around. 

"Why wouldn't you use this water for drinking or washing your hands?'* Students eomplained of the 
eolour, the smell, the floating things and the wriggling things. They also suggested that there would be 
'germs* in the water» whieh they eould kill by boiling. 

**How else do you suggest we can make it suitable for human use?" Maggie asked. Suggestions were 
written on the chalkboard. 

"Whieh methods do you think are most likely to work?" 

The discussion was lively, and a number of the suggested procedures were modified 

Maggie had each student select a method from the list and try it with a sample of the water. Students 
talked to each other about their successes and failures. Sometimes their failure was due to limitations in 
their skill, sometimes because of inappropriateness of their method. 

Maggie felt that the students were ready for the discussion on how to develop their skills. She used 
a now chart of the unit that she and others of the science staff had worked out. She and the students talked 
about the work plan and worked out Ihe main goals, how the learning would be organized, and the 
afisessmcnt methods to be used. 

Maggie explained to the students that, in their groups, they should assess each others' skills in the 
particular separation techniques. One of the students was worried about this. Maggie suggested that in 
order to coach and assess each other effectively, all students should select one of the techniques and 
become an expert in it. This would help them do a useful job of both teaching the technique to other 
members of their group, and of assessing their performance. 

Skill Development 

The textbooks used for Year 7 gave details of a number of separation exercises. Maggie had prepared 
a worksheet detailing additional techniques. The methods considered were 

• sedimentation and decanting; 

• filtration (using filler paper, cotton wool, gravel and sand bed); 

• flocculation (coagulation of colloid); 

• absorption (charcoal filtration); and 

• evaporation and distillation. 

As the students worked with the skill-development exercises, Maggie led them in developing a list 
of key words associated with equipment and processes, based on the text and the worksheet. At the end 
of the section, the students completed a short pcn-aiid- paper lest on the basic principles of the diflcrenl 
techniques, and I heir uses. 
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Purification Projects 

Maggie fell that the students were now ready to choose and apply techniques that would suecced in 
cleaning up the water. She asked them, in their groups, to predict the effects of the different techniques, 
and lo write down their predictions for fulurc reference. 

She gave out a worksheet outlining the project, and they went through it together. Each group will 
be given 100 mL of the "green gunge". Their task is to recover as much clean water as possible. They must 
decide as a group which technique or combination of techniques they will use. A technique may be used 
more than once. They must also come to agreement, within their groups, about the ways they will work 
and the tasks each of them will perform. They should write down their procedure, along with their 
reasoning. That will help them clarify their plan, and they should inform the teacher of what they are doing. 
Part of their plan should include record of their work that they will keep: what they have done, what were 
the effects on the sample, how much water was left, and so on. The teacher will talk to them about their 
plan when they are ready. 

In the earlier exercise on skill development, Maggie had recognized that some groups made quicker 
progress than others, and these differences had been confirmed in the test. Consequently, she was keen 
to give the groups considerable freedom to move ahead at their own rates. She invited one group to 
consider, as well, the viability of their techniques for the larger-scale problem: What if the school really 
did depend on the creek for water? 

Maggie monitored the functioning of the groups, encouraging them lo involve all members, and (o 
share both the measuring jobs and the recording jobs. She assessed their work from their ability to plan 
and implement their procedures, and skill with equipment, as well as their observations and results. 
Students also assessed their own work, writing brief reports of their achievements. 

As the groups completed their analysis, their pure samples were displayed and compared. Two other 
groups also moved on to the "largcr-scale" question, while the remaining groups finished their analyses. 

Discussion: 

Each group presented the result of these work to the class, outlining their procedures and results. 
Discussion flowed naturally into consideration of which sample was the purest. Maggie suggested that 
some contaminants could not be detecled by direct observation. She demonstrated the measurement of 
electrical a^nduclivily and compared the different samples. One of the students suggested that dissolved 
impurities might be found by evaporating the water, and the groups did water evaporation by setting 
droplets from their samples on glass slides and left them lo dry. 

Maggie suggested that the idea of "how pure*' depended on what the water would be used for. The 
class briefly discussed the different demands for washing, watering the garden, cooking and drinking. Some 
of the students who had considered the larger-scale problem led a discussion of the cost of different 
techniques. Maggie had provided them with some figures on costs. Many students were disappointed at 
the cost of distillation: they had considered it to be the "best solution". Maggie suggested that, nevertheless, 
there might be countries in which distillation was carried out perhaps because of lack of al ter natives which 
justified the cost, or perhaps because solar energy was available for the purpose. Four or five students 
wanted lo follow up this idea: which countries, what methods, how would you design a solar still or solar 
distillation equipment? 

One student remarked that he had seen a film on TV involving moonshiners**, and he wondered if 
water stills and whisky stills worked in the same way. A third group disregarded this change of direction: 
if distillation was an expensive method of purifying town water, what action was taken by the town councils 
and water boards? 

THE REST LAID FLA NS . . , 
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Maggie's Icsscin plan was in disarray, and lier unil plan was looking shaky. She eallcd a halt. The 
class assembled around ihc chalkboard and lisled ihc questions thai had been raised already. Then they 
added more questions to ihc list. Based on her original unil plan, Maggie lisled the questions in three 
clusters, relating to: use of water in the home; providing town water; and "individual projects^'. !n ihc lasl 
group came questions from the students and from Maggie's original plan: distillation of sea water and 
alcohol, solar stills, sewage Ireatmenl, provision of clean water in such eounlrics as India and Thailand, 
fmding water in outback Auslralia, and walcr diving. 

Maggie suggested that ihc questions which the sludcnts had lisled under her heading of "individual 
research'* be deferred, and lhat, in the mcanlimc, half the clas.s might develop a role play on ihe question 
of lown water, and the other half miglit investigate water use and walcr conservation in the home. Both 
the role play and llic water conservation study wouW complete the "green gunge** story lhat began the 
unil; the individual research projects would Ix extensions of the lessons. 

Further Activities 

Teacher Maggie offered a scenario for the role play thai Con, another leaehcr, had suggested: "A 
company wishes lo build a factory in our lown which will discharge 'green gunge' waste into the river 
flowing through the lown, from which we get our water. The Town Council has lo decide whether to issue 
a building permit. The whole class can play ihc part of the Hown council', and judge presentations lo it by, 
say, Ihc factory owner, the Cliambcr of Commerce, the Tourist Asst>ciation, a local conservation group, 
and a consulting scicntisl appointed by the Council. Students can work in Ihret-'s lo develop the 
prcscmalions to the Council meeting from each of the interest groups, The class will need to talk to some 
of Ihc people around the town who can help with ibi; arguments. Some eonlacls have been suggested, 
perhaps the class can suggest some others 

Maggie spent a few minutes explaining what was meant by the Town Council, the Chamber of 
Commerce, and so on, and discussing with the studorits the particular interests that the different groups 
might have. 

The walcr conservation study lhat Maggie originally had in mind was a speculative problem like: 
what steps could your family lake, if it was obliged lo survive on 200 litres of water per day? She needed, 
now, an exercise equivalent lo Ihc role play, and suggested: "The other half of the class can work on a 
study of water use in the home. It should begin with a survey of the things you use walcr for and how much 
is used, say, in one weekend. Students can work in hrce's lo design ways to make the measurements, and 
lo consider their data. The next step will be to suggest ways of reducing walcr use. Then they can actually 
put Ihcse ideas to their family,try them out for a weekend, and see whal reduction they get. The final stage 
will be to present to the whole class their findings, including the successes and difficuUics their family had 
in reducing ils water use for a weekend". 

Maggie asked the studcnls lo talk abi^ui these ideas wiih each other and with their families before 
the next class period, and to think about which project they would prefer to do, or how ihc projects could 
be improved. 

Maggie was pleased as she packed up at the end of the unil: involvement was high, and the students 
had raised good questions. She was aware that some of the sludcnts remained confused about distillation. 
She would need to help them in a later unit. She was not clear aboul when the individual projeas would 
start i>r how she would organi7e them, and she needed lo give some more ihougbt to the group projects. 
They had taken on a strong social action orientation. "1 should go and talk wilh the social education 
Icachers," .she mused. "1 probably should hiivc done lhal earlier..." 

{ I fom Malrnlm. ( ' . riie Silence I rnnifwirk, Minislry ►^f I-Jucalion. Vicloria. Australia. 1W7) 
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Example 6: Malaria As a Human Disease 
Activity 1 

The Icachcr explain with the help ofcharts andA^r audioVisual aids the structure of the mosquito 
and the life cycle of the malarial parasite. 

Objectives: The student should be able to acquire knowledge about: 

• Mosquito is a carrier of malaria. 

• Structure of a mosquito. 

• The life cycle (»f (he Anopheles mosquito. 

• The life cycle of the malarial pjira.si(c. 
Teaching Aids: 

• Charts showing parts of the mosquito. 

• Charts showing the life cycle of the mosquito. 

• Films and video illustrating stages of development of the mosquito. 

Activity 2 

The teacher arranges for a local health inspector togivc a talk about malarial disease, its symptoms, 
precautions and cure against the disease. 

Objective: How to take early action to avoid the disease. 
Activity 3 

The students conduct a study of the locality and identify breeding places of mosquitoes. With the 
help of the community these places arc destroyed and the spread of malaria wascontrolbd. 

Objectives: 

m How to get rid of mosquito breeding places. 

• Awareness (^f the importance of cleanliness in school, home, ccmimunity and environment. 

• Taking acticm to remove mosquilo breeding places. 

Commentai7 

The unit starts with prcscnlation of the science knowledge relevant to the malarial mosquito. A 
resource person from the community is invited to discuss the social issues and assist the student to identify 
problems that they can address. The sludcals work with the icaeher and the community to solve the 
problem through the application of their knowledge. A further step might have been to explore alternative 
means of solving the malaria problem, and hok at side effects of the different solutions. 
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Example 7: Electric Energy and Power 

The unit explores energy and power in ihc conlsxt of electricity in the home, including the costs of 
using dilTerenl appliances, and ways in which electricity bills can be mininnzed. 

I lC,oMe: The topic is introduced and the concepts of energy and poNVcr discussed, through 

the equation E = P.l (E is energy, P is power, and l is the lime for which the power .s apphcd). 

Units of kilowatt-hour as well as Joule are discussed. 
2. Application. Community: Students are asked to survey electric energy consumed by home 

appliances. 



Power (P) 
of appliance*^ 
in KW 


Time (T) 
consumed 
in H (hours) 


Energy (E) 
consumed 
in KWH 


Cost 
in Rs 


lOOWBulb 


IH 


.IKWH 




.1 KW 


5H 


.5 KWH 






10 H 


1.0 KWH 




80 W TV 

.1 KW 


1 H 
5H 
10 H 


.08 KWH 
.4 KWH 
.8 KWH 





Table J 



Month 


KWH 


January 


5677 


February 


6177 


March 


6680 


April 


7180 


May 




June 




July 




August 




Seplcmbcr 




October 




November 




December 





Subscribing-Card 



Table 2 



Rs.50(K) 


February 




Rs.50300 


March 




Rs.5000 


April 



Receipts 



Months 


Energy in KWH 


Cost in Rs 


Jan - Feb 


500 


50000 


Feb - March 


503 


50300 


March • April 


500 


50000 




per KWH 
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3. Non-Science: Students count the cost of electric energy per KWH, by using data on a Subscrib- 
ing - Card (see p. 49, Table 2). 

They use their conclusions to Till in Table 1. 

4. Improving quality of life, actions: Students make up Table 3 for distribution to families in their 
community. The sludonls explain llie implications of the calculations for the family budget. 

How Much Do YOU Spend for Your Electric Appliances? 



Power of the 


Time 


Cost 


Appliances 


consumed, 


inRs 


in W (walls) 


ill hour^i 




UH)W 


1 


10 




6 


60 




12 


120 




18 


1^ 




24 


240 


200W 


1 


20 




6 


120 




12 


360 




18 


480 



Table 3 



Commentary 

Concept: The concepts of energy and power arc taught in the ordinary way, through experiment and 
discussion. 

Application, community: Application in a real life situation is explored, using material al the 
community level and of importance to the eominuiiity. 

Non-science: Activity extends to economics, to count the electric energy cost per KWH. 

Improving quality of life, actions: The student is encouraged to share the findings to improve the 
quality of community life, anduse the skillsofexplainingandpersuading. ByknowingTable 3 families 
can be more economical, because they know the amcjunt of money spent everyday for electrical 
energy consumption. 
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Example 8: Measurement in Daily Life 

Children learn about the importance of measurement and devices used for measuring mass, tcnglh, 
area, volume, time and temperature. They consider accuracy and approximation, and when precision is 
needed. Tlicy handle measuring devices and use their knowledge of measurement in their interaction with 
their families and others in their life out of school. 

Some of the learning situations are: 

• Listing instances where measurement of length, area, volume, lime, temperature and mass are 
involved (market, shopkeeper, tailor, milkman etc); 

« Identifying devices used in day-t()*day measurements; 

• Measurements of mass, length, area, volume, time and temperature; 

• Using scales, presenting data in tables and graphs, estimating averages; 

• Estimating quantities in everyday situations: Ihe height of a child, tree, building; Ihc mass of a 
given quantityof sugar, potato, UK)ks; area of a room,a table top; volume of a tumbler, teaspoon, 
cup, matchbox, bucket; 

• ^ Finding out Ihc prohiiblc causes of errors arising from faulty methods of using measuring 

devices; finding out methods of accurate measurement. 

Example 9: Seeds 

Children observe seeds and look for similarities and differences, and think about the uses of seeds 
for food. 

Activity 1 

We use seeds as food. The concept that nutritious food is stored within the seed is illustrated through 
the following questions: 

1. How can a seed grow into a tall tree? 

2. Which seeds do we eat? 

3. Which part of the rice seed can we eat as polished rice? Which part as flour? 

4. Which part of the mung^eed do we cat mainly? 

Activity 2 

Compare the seeds of kidney bean and mai/e. In what ways are they the same? different? 

(They are similar In Uicir seed coat and embryo. Among the differences, the kidney bean has nc 
endosperm and 2 cotyledons; the maize seed has an endosperm and one cotyledon). 

Activity 3 

Plants can be classified as monocotylcdtms and dicotyledons. List some other plants that you kmw 
according to this classification. 
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Take some other kinds of seeds from home and soak them in water until they are soft. According lo 
the methods you have learned in class, observe their structures and decide whether they are like the kidney 
bean or the maize seed. 

Example 10: Other Examples Unking Science to Everyday Life 

10.1 In teaching about the structure of the heart, the dass discusses a common heart disease. 

10.2 With guidance from teachers, students display at street corners plant specimens they have 
collected and classified. The students aa as little advisers to the public, answering their 
questions, on uses of the plants. 

10.3 Students serve as guides at the National Museum. 

10.4 Science Summer Camps provide opportunities for students to learn about the natural 
environment, cooking, insect and moth control etc. Aclivilies involve learning and applying 
through play. 

10.5 Students in rural areas learn to prune fruit trees, plant vegetables and breed chickens, using 



The examples presented here produces starting points in presenting lessons in science and technol- 
ogy and their efrcct in quality of life. More examples can be prepared especially those which relate to the 
environment of (he child. 

The exemplar cited offer options for the teachers to use in their particular classroom situations. 



scientinc techniques. 
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COUNTRY EXPERIENCES 
AND EXAMPLES 
OF CURRICULUM IMPLICATIONS 
OF EMERGING POLICIES 



6,3 



BEST COPY AVAILABLE 



1. Australia 



The Context: Education For All 

"Education for Air* has lo be considered al two levels, which will be called formal access and 
curriculum access. The first is a precondition for the second; both arc necessary. 

Formal access is satisfied by Lhc provision of schools, teachers, equipment and programmes to all 
children regardless of where they live, what they believe, and the financial and social circumstances of 
their families. In Atistralia, formal access became policy in the 1870s, promising "free secular and 
compulsory" education for all students up to a given age. Beyond that age (currently 15), education is not 
compulsory in Australia but it is available and free to Year 12 level. 

Curriculum access require?, Education for All through a curriculum that connects to the experiences 
and educational purposes of all students. Such a curriculum is not dominated by the interests, values and 
learning styles of one or another subgroup in the society. It becomes unacceptable to argue that a science 
curriculum basic for those who will proceed to further study in science is good for everyone. **Basic", like 
**relevanr, is a word that needs to be qualified: basic for what? relevant to whom? If we allow education 
to serve truly a variety of needs and a range of groups there can be no longer a single definition of **basie". 

In turn, "standard;;" and a "standard curriculum" become hard to define because there is less 
standardization: Australians in the desert outback have educational needs different from Australian in 
Rats and factories in industrial Melbourne; Australians recently arrived from Vietnam or Greece bring to 
the learningsituation experiences and expectations different from fifth generation Australians in the same 
classroom. The curriculum must be able to vary from one school to another and one student to another. 

On the other hand, there is more to access than providing opportunities for every student to build 
on his/her experience and purpose. Individuals and their immediate communities are part of the larger 
society, with its own needs, rules and traditions. Educaiioii for AU has a responsibility to assist individuals 
lo participate fully in society and work for the good of all people. Accordingly there must be an extent to 
which schools express a common culture and address a common curriculum. 

As well as the common learnings necessary for the function of the society, there are certain learnings 
that have special currency as "gateways" to higher education, employment and economic or personal 
power in the society. Subjects like Mathematics and Physics arc in this category, and skills like rational 
analysis, problem solving and facility with computers. Education for All must ensure thai all students have 
curriculum access lo these learnings. 
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Participation in Science in Australia 

At Junior Secondary level, every student studies science, usually for 2.5 - 3 hours per week. Classes 
are typically 25-30 students. Teachers are qualified with degrees in science and education. Equipment and 
facilities are provided for laboratory work. Excursions arc conducted from time to time into Lhe com- 
munity, industry, ihe environment, parks, zoos and museums. 

Full participation does not apply outside the band of Years 7-9. In many primary schools, there is 
linlc science taught. In Year 10 in some schools (a minority) science becomes an elcciive. Beyond Year 
!0 science studies arc optional in all schooU. 

In Years 1 1 and 12 science is offered as Physics, Chemistry, Biology, Ocology, Psychology, Environ- 
mental Studies and (General) Science. Physics, Chemistry and Biology command the major share of 
science enrolments. They arc differently allraclive to boys and girls. The pcreenlagc of girls in Biology is 
approximately 70%, Chcinisii ;f 4(!% and Physics 25%. 

Beyond Year 10, students can leave school. Retention lo Year 12 has increased greatly in all 
Australian stales in ihc last five years (in Victoria it has doubled) and now stands al about 60% of the age 
cohort. However this growth has not been reflected in cnrolmcnls in Physics and Chemistry. 

The low participation of girls in Physics and Chemistry and the failure of senior science subjects to 
reflect the growth of enrolments of secondary schools generally suggest that girls and "non traditional 
students'* do not have curriculum access to senior Physics and Chemistry. Their choosing to withdraw 
from the physical sciences after Year 10 raises issues about the determinants of choice, including their 
experience in the junior curriculum. Extensive research has been done on gender bias in the curriculum. 
It confirms that access is not the same for girls as for boys. Research for other groups, such as gifted 
children, disabled, and various ethnic groups, has not been as extensive but confirms that curriculum access 
in junior science is not the same for all students. 

Focus on the Victorian Solution 

In Australia, education is a si ale responsibility. While there is considerable similarity between 
policies and approach in the various stales (achieved through the commoi. culture of teachers. Federal 
Government programmes, and coopcialivc projccls of the national Curriculum Development Centre) 
there are important variations . 

This paper will focus on the policies and approach in Victoria. One stale has been chosen so as to 
communicate the sense of overall strategy that is clear in a single state, but not across slates. Further, 
Victoria's approach is of special interest because of the extent and nature of the current reforms: reforms 
through the 1980s to provide curriculum access for all students compare in importance lo the provision 
of formal access for all students in the 187()s. 

The Victorian strategy was published in iy8.'^-4 in a series o{ Minisienal Papers, 

Ministerial P(7/;er 6 addressed curriculum development. The strategy iaS based on two principles: 

• access and 2;uccess for all students; Education for All 

• devolution of curriculum planning and management 
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Devolution 

Schools arc responsible for currieulum development "according lo governmcnl guidelines". 

The guidelines express the Slate's responsibility for the curriculum. They set direction by laying out 
the purposes oreducation and principles to guide curriculum development, They provide leadership and 
coordination. 

Al the school level, school governance (including curriculum planning) is the responsibility of a 
School Council comprising teachers, parents and students. Al the classroom level, students are involved 
in setting goals and planning programmes. 

Devolution is justified on a number of grounds. It supports the development of curricula which suit 
the local students and their community. U recognizes the partnership in education between teachers, 
parents, students and State. It places the responsibilities for curriculum development, implementation and 
evaluation all with the same administrative group (the school). It enables more creative and quicker 
rei>pon<;c to changes in the educational environment. 

Access and Success for Ail Students 

All students are to have access lo education Ihiil has value for them in the settings and roles in which 
ihey operate and in which they expect to operate in the future. As well, all students are to have access lo 
particular ways of learning and areas of learning deemed vital for participation in the life of society. 

Access" requires more than a sign on the door saying "welcome". It requires a curriculum which 
links effectively to the purposes, lives and abilities of the students who enter. 

"Success" isbased on a definition of education as growth. It recognizes thai students start at different 
points, and focuses "success" on ihc increments of learning rather than standard end points of learning. 
Education is successful if the increments arc large, unsuccessful if ihcy are small. 

"Success" means ihat learning makes a difference to the ways students think about the world and 
the ways I hey act. An effective curriculum links theory to practice and social purpose, in-school experience 
to out-of-school experience. It promotes problem solving and cooperative action. 

MinisteHal Paper 6 speciHes areas of learning to which all students should have access. The areas 
are specified not as a list of sul>jccts, but a \\sl of 32 goals of education. Goals like: 

• listen and talk appropriately in a variety of situations.... 

• understand and apply the basic concepts of number, quantity and space.... 

• understand the relationship between physical environment, culture and society.... 

• participate in democratic processes.... 

• work with tools and materials on practical tasks.... 

• develop competence with computers.... 

• understand natural phenomena and the concepts scientist use.... 

• be aware of the application of science .... and the responsibilities..,. 
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In schools, Science (cachcrs have been asked to choose the ten goals to which they Tccl Science 
studies can make particular contributions. The distribution obtained is remarkably flat: science can 
contribute to all 32. The policy challenges curriculum planners in ali subject areas to begin planning not 
from their traditional bodies t)r knowledge, but from the broad purpo^es of schooling. 



A central issue in the implementation o([\\c Access and Success policy has been the existence of two 
dirfercnl dcfmilions of education in the community. The two positions arc fundamcnially ineompatihle> 
but U.SC the same terms. There Is endless room for confusion and debate. 

One view sees education as Iran'-'^'.ission of a set body of knowledge and skills from teacher or text 
to students. The knowledge lo be transmitted is that which Ls considered Vsseiitiar for all educated persons 
of a given age. Students arc assumed lo be more or less passive receivers of information, with minds that 
can be clcaredof oldidcas and filled with ncwknowledgebythe teachers. Assessment is to identify students 
for whom the transmission has been successful. The content and its sequence arc based on the logical 
structure of knowledge, and, whether inductive or deductive, have the *big picture* of the knowledge 
structure clearly in view. To this extent teaching is convergent on 'right answers'. The teacher is the 
authority of knowledge and management. Education is driven by *the subject' and Ihe (classroom) 
management system. 

In the Frameworks approach, teaching starts from the interests, beliefs, and skills that students bring 
to the learning situation, and individual differences are accepted and accommodated. Learning is seen as 
an active process for the students, in which they clarify their own views about a particular phenomenon 
(probably in discussion with each other and (he teacher), have their views challenged, then seek to 
reconstruct their views in the light of new information. Education is a eonlinuiit^ development, with good 
education measured by the si/c of the increments of growth. Students start at different points, move 
forward to different points, often in different ways. Assessment Is geared to diagnosis and progress. It is 
used to inform teaching and assist students to manage their own learning. The teaching sequence is 
controlled by the usefulness of ideas in solving problems and seeking meaning rather than by the structure 
of knowledge. Teaching is often divergent. 

The two views of education are profoundly different in their definitions of education, their beliefs 
abouC justice, about what science Is and what science Ls worth learning, students and learning, the functions 
of assessment, the teacher's role, and classroom management. 

For cxa[nplc, "success for every child'* is possible if success is indicated by growth. It is nonsense If 
every child must successfully receive the same body of knowledge (no more no less). In the transmission 
model, a child is "sueccssfur if he/she can demonstrate the required knowledge, but there might have 
been no growth. Alternatively he/she may demonstrate growth, but still not reach the required end point. 
What one model claims as "good education" the other rejects. The same applies to justice. In the 
transmission model, justice requires that all students are taught the same things in more or less the same 
way; all are given the same lest under the same conditions. In the growth model, justice requires that 
different students are taught and assessed differently aca)rding to their starting points and learning styles. 

At the same lime, neither view of education and learning necessarily invalidates solutions developed 
under the other, just as Einstein's Mceiianioi do not necessarily invalidate solutions derived using 
Newton's. One of the c'lallenges facing the teachers currently is lo find better ways of incorporating the 
things the teachers learned, for example, from behaviourist approaches and learning liicrarehles. 



Questions of implementation 
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Neither is it necessary for individual leachcrs 10 change iheir own position before ihey take action. 
Indeed changes in behaviour often precede changes in understanding. 

Support for the Policy: 

The strategy for implemenlation of ihe pulicy has been a careful one, advancing on a many fronts 
since 1983, 

o Curriculum Frameworks were developed in nine subject areas (of which science is one). The 
Frameworks interpret the general policy from the perspective of the subject area, clarify and 
refine the educalional position, and provide illustrations of good practice and advice on 
implementation. The Frameworks were developed simultaneously for all subjects and all grade 
levels. They reinforce one another, drawingon research and good practice in each subject area 
from the perspective of access and success for alP. Frameworks in Technology, Mathematics, 
Social Education and English Language have particular relevance to science. 

• Exemplary course outlines and units of work are being published. Many of the units were 
developed by teachers and teacher- networks in parallel with the development of the Framework, 
A major project is in progress to provide a course outline for Year 7-10, addressing objectives, 
content, learning experiences and assessment in a fairly detailed way. 

• The School Curriculum and Organization Framework supports school management and cur- 
riculum planning in a decent ralt/x:d system. It inlerprctslhcgeiicral policies from a management 
perspective and provides guidance on administrative structures, management, evalualion and 
planning, it recognizes the significance of organizational arrangements, facilities, human 
relationships, school climate, and school-community interaction for the achievement of Educa- 
tion for AIL 

m Management training programmes are conducted [or school principals, curriculum coordinators, 
and school councillors. Tliere are also regular meetings of school principals with their Regional 
Managers, to assist in coordination andpla \ning 

m Professional development programmes are conducted for teachers. Vie programmes include 
teacher networks, conferences, action research in schools, and special courses. As well as after- 
school proff-ammes and .special leave arrangements, schools have eight student free days per year. 
Neighbourhood schools combine for some of these days, to enhance exchange of ideas across 
schools in a district. Subject Associations, includingthe Science Teachers Association, and private 
consultants also conduct workshojjs and conferences, 

. Articles were published in teachers journals and Ministry newspapers to explain and promote the 
policies, and provide cose examples and advice on tlxeir implementation. 

• Consultancy services are provided through district School Support Centres. 

, Schools must document and report their progress, especially through the reports of school councils 

to iheir communities and the Ministry, 
. Curriculimt refomis at years 1 1 and 12 are in progress, consistent with changes at the lower levels- 
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Fig.1: The Science Platform 

The Kind of Science: Science for All 

« All smdenis sliould study scknce, and gain value from their studies. The goals, methods and 
cmtenx of science education should provide for the needs and pro^ss of all students, 

« Science education should be concerned with amnmmental management, and the survival 
and quality of life for all. 

Goals: Science, Technology, Society and Personal Development 

• Scientific knowledge* the solution of practical problems, the adtural and human context of 
science, and opponunities for personal development are four aspects of science. They should 
be given similar emphasis at all levels of schooling, and should be integrated in their 
presmtation. 

Learning and Teaching: Children's Science Beginning Trom Children's Perceptions 

• Children (and adults!), by nature^ are theorists and problem-solvers, keen to explain and 
interpret their experiences, to resolve is,sues they see as important, and to design and build, 
Viey bring their perceptions and beliefs to the learning situation, 

• Chiidren, as experienced problem-solvers, have their own strategies for learning and solving 
problems, 

m Science teaching should identify begin from, and build on the strategies, interests, beliefs and 
explanations that children bring to the classroom. 

The Role of Teachers: Teacher Development and Curriculum Development 

• Tlie devefopmen i of both curriculum and teachers * skills in course desiffi and unplementation 
should occur together Each must be allowed for in planning science education and cur- 
ricuhtm revision. 

Curriculum Content: Sampling Scientific Knowledge 

• Any school can only teach a sample of all the knowledge, skills and experiences related to 
science. Vie sample should vary from one school to another, depending on local resources, 
interests and needs. It should include learnings selected from the broad range of scientific 
disciplines, 

« Students should indy engqge a limited number of ideas rather than seek universal coverage 
with superficial understanding and application^ 

• Students must have opportunities to feel that they are succeeding, to explore and reflect on 
their understanding and skills, and use Uiem in a variety of contexts. Viis takes time, and 
limits the number of topics that can be covered. 
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The Science Framework: 

The Science Framework <5, in the first instance, an educational position. Tfie position is consistent 
with the policy of Access and Success, but drawn fron \ the language and research base of Science Education: 
Science for All, Science, Technology Society, Children's Science . The position is simuuarized as a 
"Platform Statement " (Fig. I) 

The learning theory: Children's Science 

Vie learning theory is *'constnic(i\^isr. Clnldren are seen as serious in their wishes to understand and 
give meaning to their experience; to refine and extend their world view; to have control over their own lives. 
Tliey develop theories, beliefs and learning strategies from their lives in school and out of school, and learning 
is a matter of reconstnicling meaning in the light of new experience. Vtere is extensive research evidence to 
suggest: 

. the beliefs and understandings thai children bring to the learning situation are often strongly held 
and tittle affected by simple instmction; they are important inputs to the learning situation; 

m learning strategies can be taught; being smart can be learned; 

. the range of learning styles, staning pdnts and interests within a group of children and the range of 

curriculum objectives require a variety of teaching approaches; 
. learning is enhanced by consonance between inputs from school, home, community, the environ^ 

mcnt; education is a partnership. 

Science, Technology, Society, Persona! Development 

The Framework advoealcs equal emphasis for science, technology, society and personal develop- 
ment. The science is theoretical knowledge and the processes of theory building and testing. It answers 
the question "1 wonder...." Technology is the development of artefacts, tools and systems for human 
purposes Technology answers the question "1 want...." Society Is the human context of science; science 
is a human activity. Personal Development formalizes the opportunities within science classrooms for 
special experiences (e.g., with nature, machines, animals), and for developing skills in cooperation, 
personal management, clear thinking, etc. 

The Framework advocates that science, technology, sodcty and personal development aspects be 
integrated in their presentation, The entry point is to be sometimes from the Science perspective, 
sometimes from Teehnolo^, somelimes Society and sometimes Personal Development, The choice of 
entry point is to rcfleci the **cqual emphasis". 

Each entry point makes a different statement al)oul what is "worth knowing". For example, starling 
a topic "conditions for life" from the theoretical perspective, we might seek generalizations about **living" 
and ''non-living", looking to classifications and interactions. Aspects of technology and society would be 
picked up along the way. Starting from Technology, we might take a farming perspective: wbai are the 
conditions required for life, to maximize yield and ensure the long term health of the ecosystem that is the 
farm. The farm might be cattle, crops, fish or microorganisms. The tbeoreiieal and social aspects would 
be built In, but Ibc selection of ideas and the emphasis would be different from the first ease. Starting from 
a social issue might follow a theme of hygiene, nutrition, or disease, building science and technology m lo 
illuminate the issues and reach for solutions. 
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This parlicular strategy overcomes the traditional debate about "process versus product", by shifting 
attention to the student and recognizing the importance orcontext. Process has little point if it is not geared 
to a product; product derives its purpose from context. The context needs to be one which the children 
relate to - their immediate environment, a fantasy world, a story, a problem, a hero. 

Teaching Approach: Examples 

The teaching approach should have two features: 

• It should employ a range of teaching methods, to suit the different learning styles of students 
and the different learning objectives. (See Fig.2) 



A complex cognilive skill (designinj^an txptn- 
menu sotvng a problcin maktng decisinns. 
judging the likety ou tcume of even U ). 



A rnolor skill Ivuing a rnicrr>saipe. |Viunnf( a 
Nquid. minfi i hammer > 



AsociolikilKwnrfcingasfl Kam 
municartngwiih ofheraK 



A 9«quence of wmJs lo be rec«1(ed 91 will (a 
delin 1 1 ion. s Uw. onler or planets frnnt Ih e su n). 



• Aniinag,e.orsenMlinn ( whal snmethin g lnok« 
like, leiis Eke. smells lik«,..l. 

• An epi»ode thai I he sludenl cx^ierienced or 
wilnesKd (dcsi^ingand buiMinga par9chu(C. 
EIndinf( a fossil during an excursion). 



A proposition whkh links ideas. explaini aeon, 
cepi or describes a properly. A level of 
understanding beyond simple recall o| I he 
words is implied (a seed from a parent plant witi 
produce 3 similar plant). 

A simple oogniiive skill (ftvding ihe sEope of a 
fjaph. rafancing a chemical e<]uaiiofi. messur 
ingthe growth of a plant). 




^ Libraty \/ \ 
Assign- J HandSK>n j 
: .A Activities / 




Whole \. Analws w p , • " " , ^- 

lilr/ed "SccL. 1 FS'"^^ / Individual Vt.. 

^K^^ ^.A^--wU [^^^-^Jr^'^^j 

( Wrliing p^l^^J^'on^Y (halkand / ^^up \ /nramaandW Small ^ 
^ uZLk Kesca^h M Dance j Group Dis- 

\ / . ^ ^ / \ ^ ^ / Wussions 

/ Model Y Demon- i Drill and \ / Work -based \/ ,^ ^ , \ 
\^ Building ^ strfltions iWiicc J\ Projects /\ 1 
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• II should support "construe I ivist learning'* for ail students. Accordingly, ihc first step should 
give students opportunilicslo clarify what they already know, set directions, and contribute their 
own contexts and experiences. The firsl segment will often be an open exploratory one: 
brainstorming, concept mapping, drawing, in response lo questions like What do we already 
know abcut..,How many ways can we... What might be the variables that deter mine.. What would 
happen !f....The secondsegmcnt is to challenge the students' current knowledge - through an 
experiment, a demonstration, an argument. The third segment is a teaching sequence which 
carries forward the students' undersUnding. The fourth is opportunity to apply and extend the 
new learning. 

Following this broad strattjgy, topics like cosmetics or machines do not in themselves exclude some 
groups from the learning and include olhcrs. The Cosmetics unit starts with the students doing a survey: 
Whateosmclicsareinyourht>me?UsedbyMum?Dad? Baby? What is a cosmetic? Collect advertisements 
on cosmetics. What arc the advertising strategies? 

An alternative to brainstorming is to start with a story or problem. For example, "Separation of 
Mixtures" can be presented as a technology problem or social issue. The Framework presents this 
approach in a "case study" called Green Gunge (sec chapter 3). 



Managing Students' Work: Work Requirements 

One way of assisting students to manage their own learning and work cooperatively with other 
students is through projects and "work requirements". A work requirement sets out the work that has to 
be done by the student, in terms of the product to be produced, the process to be followed, the ways the 
work will be checked, and the criteria for satisfactory completion. The level of performance on specific 
criteria can be worked out in discussion between the teacher and the student, to ensure that the expected 
level is on the one hand achievable and on the other hand challenging for the student. An example of a 
work requirements for students in Year 8 arc given in Fig 3, below. 



Fig.3 Work Requirement Year 8, "First Aid" 

Unit Plan: Students develop a list of types of accidents requiring first aid. Groups select an 
accident from the list and develop a presentation to the rest of the class. Groups will: investigate 
causes of the accident, refer to first aid publications, prepare scripts and rehearse their 
presentation, develop special elTcets lo simulate the injury or condition, present the informa- 
tion to the class. Each presentation will include a brief description of the body system which 
is associated with the accident. 

At the conclusion of each presentation, each student in the class will construct a concept map 
that illustrates their understanding of the structure, function and operation of the body system 
discussed in the presentation. 

Work Requirement: The student will present a written report which describes the causes and 
symptoms of the condition, outline the means of diagnosing the condition, describe past and 
current melliods of treatment and associated technologies, analyze an ethical issue underlying 
cither the diagnosis, selection for treatment, treatment, or rehabilitation of a patient suffering 
from the condition, and present an argument for the stance that the student would take on the 
issue- 
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Fig 4. Science Content 

Thames 

The following i hemes arc lo be incorporated 
throughoui I he Programme: 

• linviron mental eduralicvi and ihc Australian cn- 
viionmcnt 

• Work education 

• Science a nd nu r way of I \tc 

• Australian science 
I^al sclrncr 

Topics drawn from currentcvente, whether local area 
study, national, or international events, as well as 
student's inlercMs. 

• Quarry study 

9 Investigation of living and nnn-Iiving things 
around the local creek 

• Butter factory excursion 

• Dairying study 

• Ruhbish investigation 

• Supemiaket excursion 

• I Tie school environment: Keepirig the oval green 

• "I "he schooi envimnment: People paths 

• (.'onsumerism and product testing 

Kxperienci 

• Using all senses in a wide variety of experiences, 
with natural phenomena and technologies 

• Working togclhcr in groups 

• Working as individuals 

• I'inding out in a variety of different ways 

• Making things 

• Handhng animals 

• Succeeding 

• rinjoying science and science activiiics 
Contexts 

Students m\\ use I heir learning' 

• At home: kitchen, garden, workshop 

« Farm: machinery, an imaU, crops, weather 

• C!urrcnt affairs: Incal. state and natkinat events 

• leisure: sports, entertaintiicnts. hohhies 

• Work: at home, part-time employment 

• A t schiwl: fu rt henrica rning 



Skills 

• Observing: using the senses, measuring, es- 
timating, classiiying 

• Finding out and experimenting: guessing, 
creating, making, speculating, using, plan- 
ning, designing, implementing, interpreting, 
solving, analysing, evaluating. 

• Applying: buikJing. solving, creating, using, 
making, designing, inventing, planning^ or- 
ganising. 

• C!ommunicating: cooperating, examining 
dilemmas, reporting, rcconjing, explaining, 
presenting, diMrusslng. writing, reading, lis- 
tening, debating. 

Attitudes mid vnlurs 

• I'o care for the welfare of people and other 
living things 

• To be open-minded and value objectivity 

• To value hoth natural and manufactured 
things 

• To wish to use science and technology respon- 
sibly 

• 'lb have a thirst for knowkdge and under- 
standing 

0 To be prepared lo work coopcra lively 
Kno>vlc<tgr 
Matlcr 

• Materials around ui. 

• Materials in different fnrnis 

• Materials for particular purposes 

• Proper! ics.uses and strueturcs 

• Manufacture and fahrieation 

• Planets, stars and galaxies 
Hnergy and Interaction 

• Measuring change 

• Our energy needs, building and cleaning up. 
moving and sustaining 

• Iinergy sou rccs and resources 

• Ftnergy transfers and transformations 

• Cliange (geological and astronomical) 

• Prod uci ng new su hsta nces 



I ife 



(imwth. and maintenance of individuals and 

cc^mn^unities 

Ourselves 

( on\munitics and ecosystems and change 
I jvingand non-living; life and death 
[''volution, life reproduction and death 



A Sample Course: (Each unit occupies a quarter of a year) 

Year 7 Science Around Me Caring for Animals Time and Space 



YearR Why Waste ' 

Year 9 Have we g«M the 

energy 
Year 10 Science in the 



rjectricity for Us 
Detect inn 
M< iving 



liarthquakc in 

our I own 
liveryday rhemikiiy 

Hie lianh and 



The Rnvironmenl 
and me 
I'irst Aid 

Survival 

Prnlcction 
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Content 

The Science, Technology, Society, Personal Dcvelopraenl approach I hal we are taking was described 
earlier. The details of conlent al any partieular school arc decided al the school level. The Framework 
suggests criteria for selecting content: 

• Is it based on the experiences and interests of the students, whether through local or global 
considerations? 

• Does it excite wonder and pleasure in the learning? 

• Is it perceived by students and the eommunily as immediately valuable in the world beyond 
sehool? 

• Does it enable stu lents to develop knowledge and skills relevant to their career and personal 
aspirations? 

• Does it contribute to the programme aims? 

The Framework suggests content under headings of skills, attitudes and values, concepts, thcmes» 
local science, particular experiences, and contexts in which students might be expected to use t heir learning 
(see Fig 4.) 

Assessment 

Assessment serves a 'wniber of purposes. One is for credentials or grading. This is "summative 
assessment". Another is lo support and guide learning. The focus of assessment at the years 7 and 8 levels 
is to guide learning. It follows that assessment is an integral part of classroom activity, and must be a 
responsibility of students as well as teachers. 

Students must be encourt^gcd to ask themselves about their current understanding, to consider how 
the work they arc doing links in to work they have done earlier and experience beyond sehool. 

Teachers must be encouraged to use a variety of assessment metbods. These will include direct 
observation, assessment of the range of products that students produce (written work, talks, drawings, 
models, constructions), interviews, questionnaires and tests. 

Assessment for learning doc snot occur only at thcendof the task: if it is to be apart of the curriculum 
planning it must occur near the beginning and at appropriate points throughout the task. Concept maps 
and checklists are two devices that can be used. 
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Fig 5. Assessment through concept maps and checklists 



[Animal J 



can be 

can be^ / be 
C^^^^^^ ^^^^^^^ 



\ can be 



or 



Artitude 



DcsrriplioT^s 



Stage of 
Devclnpmcnl 



Concept 



Stage or 
Development 

Process 

Descriptions 



Stage of 
Development 



^^reptil^ 
can bc^/ 

WILLINGNESS TO COOPKKATE 



Concept Map 
Constnictedby 
a Year 1 Pupil 
from Given 
Concepts 




Unwilling to share 
Materials or activities 
with others unless 
constantly supciviscd; 
seems unaware of 
others' needs and 
attends only to his or 
her own interests. 



Works together with others 
and shares materials because 
of "rules" or incentives to do 
so rather than by mutual 
agreement. Depends upon 
external authority to settle 
differences. 



Responds to the needs which 
others have 1o help or mater- 
ials and tries fit in with others, 
sellling differences without 
appeal to aduJi authority. 





Peb. 


May 







CONCEPr JF FNERGY 



Considers energy as if 
it were a substance 
which is created and lost 
somewhat magically, 
without any continuity 
between one form and 
another. 



Identifies energy in various 
forms and recognizes its con- 
version from one form to 
anolher, but considers thai 
it can be created ai some 
point in a chain and used up 
at others. 



Describes the char.gcs of 
form of energy which take 
place in simple energy chains, 
recognizing that when ;t 
seems to disappear in one 
form ii appears in some 
other. 



EXPERIMENnNG/NVESTIGATlNG 



Is unable to progress 
from one point to 
another ilia practical 
investigation or 
enquiry withuut help, 
failing lo^rasp the 
ovcralt plan of the 
enquiry. 



1 nes things oul somewhat 
unsystematically unless the 
various steps in a practical 
enquiry arc planned out for 
him or her, in which case he 
or she uses materials and 
collects results satisfactorily. 



Has B clear idea of the 
reason for Ihe various steps 
in a practical enquiry, and 
can work through them 
systematically, making 
reasonable decisions with 
only occasional guidance. 
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Sanipie grid for progressive assessment of practical work 





Point scale 












5 


A 




2 


1 







Motor Skills 

Ejcamples: 

Organizaiion 


Good 












Poor 


Manipulation 


Cicxxl 












Poor 


Follows instructions 


Good 












Poor 


Ability lo perform specific task 


Good 












Poor 


Care 


Good 












Poor 


Handling of living material, 
Sensitive to physiologocal needs of 
organisms 


Good 












Poor 


Safety 


Good 












Poor 


[nquiiy skills 
Wenlily the problem 


Identifies problem 












No idea 


Form hypothesis 


Good suggestion;; 












No id^s 


Design the experiment 


Worksble ideas 












iNo iQcas 


Identify variables 


Identifies variables 














Observations 


- Accurate 

— ISC leva ni 












Irrelevant 


Data collection 


Complete 












No record 


Display data in meaningful way. 
eg. tabulated, graph, diagrams 


Useful 












Useless 


Inlcrprcialion of data 


Ilvidcnce set out 












Statement 
unsupported 


Evaluation of data 


Good/critical 














Predictions based on data 


Ciood Suggestions 














Communication in written rcpuri 


— Complete 

- pAndencc clearly 
set out 












No report 
None 


Serial skills 
Work with others 


1 lelps others 












Unco-opcrative 


Contribution of discussions 


Valuable 












None 


Responsibihiy 


Good 












Poor 


Pcnisicnce 


GcxkI 












None 




Good 












None 
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Teacher Education 

The critical faclor in the achievement of access and success for all students is the quality of the 
teaching . 

The quality of the teaching force depends partly on recruitment and pre-scrviee training. It depends 
also on school factors (management, leadership, organizational support) and the provision of in-service 
education. 

The focus of teacher cducalion, as part of the current changes in Victoria, is in-service education. 
The number of teachers emerging from college courses each year is only a small fraction of the total 
workforce, ^nd in any case, new graduates are not in a strong position in the culture and structure of 
schools to lead school change. 

The Victorian reforms require major shifts in educational thought for many teachers. Their beliefs 
are not changed simply by lalking to them about a new policy or handing them a new syllabus and new 
materials. The required teaching strategy is similar to that listed earlier under the heading Children's 
Science. Teachers have to be helped to clarily their own educational beliefs and practices, challenged to 
extend and revise their beliefs, and provided with a leaching programme that supports their learning. 

The figure below is from the Framework. It offers self-help for teachers. It says: Consider your 
current praeliee. How much do you know ahoul or use the other strategies listed? Reach out and try one, 
first with a class and in a situation where you are likely to succeed. Talk it over with the Drama teacher or 
anyone whom you can trust to provide coaching. 

Technology 

Problem -solving 



Applications 



Co-operative Language/ 
(iroup Work Learning 

Access/Success 



(}ender 
Equily 




Country experiences: Austt^ia 



Professional developmcnl is being provided by ihc Ministry on a number of fronts: 

. The "ORC shot": a moHvalionat speaker, a forum on recent research findings, an txplanation of 
new policies: a speech a workshop, a one day or two day conference. Such "one shots' need lobe 
part of a largfirplan, with lead up and follow on activities. Ministry consultants are ax-ailableto help 
schools with this planning. 

, Action Research: Project teams are formed in schools or teacher networks are fanned across 
schools to address particular problems or develop particular innovations. Vie teams work sys- 
tematically through cycles of research and actionldevclopment, dnming on their "expeninents" in 
class, reading, each otiier, and outside ex/ierts. 

Vie Ministry has supported teams working on teaching styles (sach as cooperative learning, or 
students manam&theirown learning), classroom issues (such asgenderbias). course development, 
andcomiAUc-s in education. Vie supimrt includes small amoimts of money and, more anportantly, 
some release time for teachers and support from outside consultants. 

. Sandwich Courses and Contract Learning: Time are offered by some tertiary colleges and otiicr 
institutions. Vie Ministry has conducted for some years a successful sandwich course for Malhe- 
Italics teachers. It is currently developing others for Junior Secondary Science leacfiers and 
Teclinolog\> teachers. In the sandwich course, leacliers attend a class in the college/centre, then try 
out the ideas or gather relevant infomtalion in the school, then return for further classes, etc. 
'Contmct learning" is a variation on the sandwich course. Vie teacher negotiates with College staff 
a pn>gramme based on a project (probably at hhihersi hool)a,ul supporting course work, reading, 
and ttUoringfrom Uie college. 
. Sck,ol projects, ainductcd with liUlc external support: IVhen teachers work together to solve a 
problem, dewlop a new programme, introduce a new teaching approach, or define a new assess- 
ment policy, pn,fessio,uil development occurs. Learning in this way is the same as the learning 
promoted in frameworks through cooperatiw approaches, projects and work requtremeius. This 
sort of professional dewlopment is occurring in all schools in Victoria. 
Government policy makes curriculum development the responsibililyof groups of people (the school 
council the Science Department of the school) rather than individuals. The policy facilitates coordination 
of programmes in the school. It also promotes professional development through professional interaction 
with colleagues. 

The challenge to provide curriculum access for all in Victoria has been placed largely with {sachcrs. 
Teachers are giving their energy and their creativity to it , They arc bccomingsophisticalcd in their Ihmking 
about educational issues and teaching, and more attuned to their own needs for professional development 
and planning. The face of education is changing. 
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The education sysicm is just ihrcc decades old. During ihcsc 30 years, education has experienced a 
tremendous number of revolutionary changes. Now there are 152 Primary schools, 21 junior high schools, 
ten high schoolf^ One degree a>llcgc, two primary teachers training centres, one secondary teachers 
training coMege» two technical institutions and many religious and vocational institutions. 

The medium of instruction in all the schools is English, allhoagh it is a second language. Dzongkha 
is the national language and there are several dialects 

The school structure is 7-2-2-3 (seven years primary, two years lower secondary, two years upper 
secondary and three years at degree levels). Schools throughout the country follow the same curriculum, 
prescribed by the Department of Education. It is imported from other coumries. There arc no private 
schools. 

The rich and educated people iiiakegood use of the available educalional facilities. Underprivileged 
groups do nt)l. Thcy do not understand Ihe value of education. Moreover, the educational services are 
inaccessible lo people in some locations. There arc of a^urse some unavoidable factors which contribtitc 
to such problems. Until the problems arc solved, ideas of equity, "education for all" and "science for all" 
are forlorn hopes. The (lovernmenl of Bhutan is discussing currently a policy of ** Universal Primary 
Education** and its ramificatitms. 

Since the Bhuiancse education system is so young and has experienced so many changes, it has not 
C€)me lo a stage of giving special atlenlion lo science and technology ccluc^tion, although the importance 
of it has long been felt. 

Bhutan has been importing teachers, curriculum and lexlbtK)ks, and as a result the children have 
been learning 'Tom Smile lives in London. London is a beaul jful ciiy...." instead of learning about Iheir 
(>wn friends and locality. This is a serioiLS problem. A recent survey reveals that 90% of Bhuiancse children 
knew little about Iheir own country. Consequently, Ihe i}overnmenl of Bhutan stresses strongly the 
nationalization oMhe curriculum to suit their needs and aspirations. 

Since 1^86, as a result of the 1984 Education Policy, several activities have been initiated: estab- 
lishment of the Curriculum and Textbook Development Division; introduction of the New Approach to 
Primary Education for pre-primarytoClass 111; nationalization of syllabi for Classes fV- VIII; introduction 
of Druk Series, Biology, History and Oeography for Classes VII and VII 1. For the current 5 Year Plan, 
the (Jovernment of Bhutan has allocated the maximum budget for the education sector. 

Science in Classes I - X is tauglit as a compulsory subject. Environmental Studies provide the 
integrating theme for science contents and skills in Classes PP-llI. Classes IV - X have separate disciplines. 
From Classes XI - XV, science studies arc optional. The choice norm«illy depends on the marks students 
obtain In the Class X public examination. 
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Most of ihc teachers in lower and higher seeoiidary elasscs arc untrained. Their leaching is usually 
constrained to Ihc talk and chalk methods of feeding children with ready-made answers for the examina- 
tion. This includcfi science teaching. 

The whole system is driven by cxanis and traditional memory tests, in all subjects. There are public 
examinations for Classes VI, Vul. X, XU mul XV. Besides, there arc school based examinations conducted 
by teachers. The examinations hold many pupils back from higher education because they arc not able to 
write the ready-made answers. Examinations arc seen more as a means to check the memory power of the 
children than to find out the achievement problems of the children and try to help them accordingly. 
Among the subjects offered in the selUK)ls, Mathematics and Science are the ones lhat children are most 
likely to fail. 

Many students complete Class VI, the end of primary education. Only 20% reach Class X level. II 
is a serious problem. Qucstit)ns need to be asked, such as: Is there anything wrong with the curriculum? 
Is the examination system wron^i? Is the teacher education system wrong? 

Because many teachers lack training in Science, facilities for practical work are often non-existcni, 
schools provide courses for two major groups of students in Classes VII and VlII: those for whom this is 
their final year at school, and those for whom it is the foundation for further scientinc study at higher 
education levels. 

Neither science nor Bhutan will stand still in the next 50 years. All students must be assisted to 
understand the fundamental and powerful concepts of science and the skills to continue learning 
throughout their adult and working lives, in order to serve their country to the full. The content needs to 
be relevant to the ne'^ds of Bhutan at present and in the future. It needs to have its roots in sound science. 
It must enable studerts to enjoy science, to talk about science, to think scientincally and to start to consider 
the limitations of science and its interaction with social, economic^ technological ethical and cultural 
factors. 



• 



3. People's Republic of China 



Recent Guidelines and Policies 

1. The Chinese (iovcrnmcnl issued "tne Compulsory Edueaiion Law of Ihe People's Republie of 
China" in 198f) whieh will further piomolc seienlifie and eultural quality of ihc whole nation. 
The Law provides that eompulsory edueaiion should lasl nine years and that the sehool system 
is the Six-Three System (six years in the primary sehools and three years in the junior middle 
sehool) and the Five-Four System (five years for the primary sehool and four years for the junior 
middle sehool). 

2. As most of the graduates of the junior middle schools in the rural areas will go baek to work in 
the eountryside, it is therefore quite necessary to have labour tcehnology lessons and professions 
teehnology eurricula in the junior middle sehools, sueh as planting erops, raising lish and 
chiekens, training to be carpenters and eleetrieians, building houses, etc., whieh will really meet 
the needs of Chinese peasants. 

Contents of Science and Technology Education 
in China's Junior Middle Schools. 

Science and technology education includes physics, chemistry, biology and labour tcx-.hnology. A few 
junior middle sehools in China arc still having studies and experiments of comprchcasive science lessons. 

The foUowing are the learning contents and sequences of physics, chemistry, biology and labour 
technology, wfth the titles of each chapter and student's experiments only. 

Physics (Book 1): 

Introduction, simple motion, sound phenomena, heat phenomena, optical refraction, mass and 
density, force, force and motion, pressure, atmospheric pressure, buoyancy, simple machines, work. 

Students Experiments: Measure length with rulers, measure average speed, measure the temperature 
of water with a thermometer, study the boiling of water, measure the mass of solids and liquids with a 
balance, measure I he density of solids and liquids with a balance and a measuring tube, study the pressure 
of liquids, measure the mechanical crficicncy of a pulley block. 

Physics (Book 2): 

Electric current and cireuil, voltage, resistance. Ohm's Law, electricity and magnetism, general 
knowledge of radio communication, mechanical energy, internal energy* heal engines, eleclric energy. 
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conversion of elcclric energy and mechanical energy, home circuits, structure of atoms and nuclear energy, 
development iind utilization of energy sources. 

SiudenVs Experiments: Connect simple circuit in series and in parallel, measure electric current with 
ammeters, measure voltage with voii meters, change elcclric current wilh sliding rheostats, measure 
resistance with volt meters and ammeters, make electro- magnet and study its effects, measure the electric 
power of small bulbs, Install direct current meters. 

Chemistry: 

Air and oxygen, molecules and atoms, water and hydrogen, chemical equations, carbon and its 
compounds, iron, solutions, acids, bases and salts 

Student's Experiments: Appearance of the chemical change, movement of molecules, purification of 
crude salt, preparation and properties of oxygen, preparation and properties of hydrogen, preparation 
and properties of carbon dioxide, prepare solution wilh percentage concentration, properties of acids, 
properties of bases and salts, experimental exercises, plus 8 sclccLcd cxperiraenls. 

Biology (Book 1): 

Unit I: Plants: Fundamental structures of the flowering plant, germination of the seed, absorption 
of water and inorganic salts, production of the substance, consumption of the substance and transpiration 
of water, transportation of the nutrition, blossom, bearing of fruits and nuiiiMonal breed, the whole plant: 
an integration, the main classification of the plants (Algae, Bryophyle, Pteridophyia, seed plants) 

Unit 2: Bacteria, Fun^is, Vims 

Student's Experiments: Observe the plant cell through ihc microscope, obseive the root hairs and 
the structure of the root tip, observe the structure of the leaf blade, starch produced in a green leaf under 
the light, observe tbe structure of the stem, the operation of nutritious plants, collect specimens of plants, 
observe yeast and mold. 

Unit 3: Animals: Main classification of animals. Invertebrates (Protozoa, Coelcnterata, Platyhel- 
minthes, Annelida, Arthropoda), vertebrates (Pisces, Amphibia, Reptilia, Birds, Mammalia), behaviour 
of animals (main types of animal behaviour, physiological basis of animal behaviour. 

Student's Experiments: Observe parameeium through the microscope - the form, the main internal 
structure, motion, the form of the food vacuole, irritability, fill out the sketch of the torm and structure of 
the Paramecium, Observe the form, the reaction to stimulus of the hydra, observe the vertical section (or 
cross section) of the hydra through the microscope, recognize the ectoderm, endoderm and digestive 
cavity, etc., observe the form, motion and reaction for the stimulus of the earthworm, dissect the earthworm 
and observe itsmain internal structures, organize the students to collect the specimens of the insects after 
class and to observe their outside characteristics, methods of mounting insects. Observe the form and 
structures of the marsh shrimp and others, Crustacea animals through the magnifying glass, observe the 
form of the crustacean and observe the action of each fin and observe the phenomena of how water How 
into Its oral and out of Its gills opening, dissect the crustacean and observe its main internal structures and 
fill out the sketch with what has been observed, observe the form of the frog, dissect the frog and observe 
its main internal structures, observe the heart beats of the frog, fill out the sketch wilh what have been 
observed, dissect the rabbit or other small-si7Xi mammals, observe its main internal structures and fill out 
the sketch 
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Biology (Book 2): 

Unit 4: Pliysiology and hygiene ofliuman body: brief inlroduclion lo the human body, the skin, the 
skeletal and muscular systems, the circulatory system, the digestive system, the respiration system, the 
urinary system, the endocrine system, the nervous system, reproduction and development, immunity, 
infectious diseases. 

StiidenCs experiments: Observe the slice of oral epithelial cells of the human body throogh the 
microscope, draw a sketch of an oral epithelial cell and indicate the names of each part, observe the slices 
of four basic tissues through the microscope and contrast the structural characteristics of each one, observe 
the structures of a long bone» appraise its composition and understand how fragile the calcified bone is, 
observe blood smear through the microscope and identify the red blood cells and the white blood cells, 
observe the structures of a mammal's heart, observe the blood flow in the frog*s web through the 
microscope, observe the rhythmic pulsation of the frog's heart, observethe digestion of starch by salivary 
amylase, observe the small intestines microvilli of the pig (sheep or ehk:ken) by a magnifying glass, verify 
that the gas exhaled from the lungs contain more carbon dioxide, test the difference of chest girth between 
inspiration and expiration, test the iung vital capacity in some schools with Ixstter laboratory coaditions, 
do the experiment of knee jerk reflex, do the experiment of frog's scratch reflex, do the experiment of 
formation of image for understanding the eyeball's function, observe the pathogen through the micro- 
scope. 

Unit 5: Elementary knowledge about: heredity, evolution and ecology, heredity and variation, evolu- 
tion, living things and their environment. 

Labour Technology: Woodwork, technology of washing fabrics, cooking technique, knitting and 
embroidery, how to plant and look after trees, how to plant flowers, how to plant crops, how to breed the 
cattle and poultry, repairing bicycles, how to sew, photography, hair cutting, typewriting, how to install 
electric circuits in the home, how to plant mushrooms, how h) cultivate the improved varieties of crops, 
processing with machines, how to use farm machines, how to process the farm products and by-products. 

Characteristics of Science and Technology Education 
in China's Junior iVIaddie Schools 

1. Fundamental knowledge is paid attention fo, for example: biology as an example, the students 
may learn the form and structure, physical functions, habits in daily life, classification, in- 
heritance, evolution and ecology of living things, and other systematic and comprehensive 
knowledge and iheir application in daily life and production. The students may also learn 
autopsy and physiology and health, understand the advantages of taking exercise and having 
good habits of personal hygiene. The contents in every leaching hour are neither too many nor 
too difficult so that the students will not be burdened. 

2. Experiments are important. For example: biology observation, illustrations, experiments, visits, 
practice and experiments after class are carried out during the process of study. While teaching, 
teachers should mise questions from the above aclivities and guide the students to think and 
draw scientific conclusions. By studying biology, the students may develop their observing, 
experimenting, thinking and self learning abilities. 

3. Science and technology education must take the yotmgage of the lotver secondary .uudenVt into 
consideration. \i is advisable to use elucidation and interesting methods of teaching. In biology 
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books, there are a large number of pictures, interesting questions and inspiring outside reading 
materials. 

4. It is appropriate to have some fundamental knowledge of modern seienee and technology 
acceptable to students of the lower secondary level. In the biology class, students are told about 
tissue culture of plants, behaviour of animals, bionics, iinmumty, halance of eeology and 
environment protection, etc. 

5. It is essential to combine theory with practice. Lessons usually start with practical questions in 
daily life familiar to students. Then students are guided to the subjeet and they are allowed to 
apply science and technology to practical life themselves. The following are real examples 
illustrating science for all: 

Physics: After studying how to use lenses, the students may know how to protect their eyesight; 
and after studying an electric lighting circuit, they may understand how to use safely electric 
devices. 

Chemistry: The students come to know the cause and prevention of air pollution after studying 
air; and ihcy will be able to determine acidity of soU if they study bases, acid and salts. 
Biology : After lessons on seeds, the students may learn to determine germination percentage; 
they should be conscious of protecting frogs and birds with the knowledge of higher animals; 
and they will know more about puberty hygiene if they study the growth and reproduction of 
human beings. 

f) Organize more and better extra cumcularactiviiies of science and technologic. In teaching biology, 
the teachers should ask the students to collect and make samples, plant trees and work logclhcr 
with them. Such activities beautify the campus, arouse the students' interest and tram Ihcir 
abilities, and also improve the teaching conditions. 

Some Problems and Their Solutaons 

1 Only some of the junior middle school students will enter the senior middle schools and 
universities. The majority of them, especially those from the rural areas, do not possess the 
knowledge and skills needed to lake part in productive labour. 

Solutions: 

a) Reform the teaching plan, syllabi and textbooks for the subjects wmeerned. 

b) Develop secondary vocational and technological education. 
2. Lack of teachers and their comparatively low level of education 

Solutiofu: 

a) Increase participation in teacher training colleges and schools. 

b) Offer regular lectures on profes.sional knowledge and teaching theories and sponsor model 
lessons based on teaching research. 
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c) Set up teachers' training colleges at provincial, municipal and county levels and give training 
courses to teachers who are either released from work or partly released for six months up 
10 three years. 

d) Provide better-quality teaching referencx: books and teachers' handbooks. 

e) Encourage teachers in the same community to prepare Iheir lessons collectively. 

0 Set up more subject teaching and researching sections and let veteran teachers help 
inexperienced ones. 

g) China has opened a Television Normal College by using satellite TV channels to train 
teachers in mountainous and remote regions. 
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India is quilc diverse bolhgcogi aphically and culturally, with a range of languages, professions and 
religions. The pattern of education particularly, al the school stage, varies from state to slate. The studies 
and recommendations of Education Commissions set up from time to time gradually brought in changes 
in policies on school education. Al present a national pattern of 12 year schooling has emerged as 10 + 
2 with first 10 years as general education. U has Primary (5-10 years), Upper Primary (11-14 years), 
Secondary (14-16 years) and Senior Secondary (16-18 yf^ars). Education is compulsory up to the age of 
14. The term lower secondary inlhc context of this workshop refers to the first ten years, that is up to the 
age of 16. 

Science has remained one of the essential components of school education from the beginning vwth 
slight variations of bifurcation at 8 or 10 years schooling. Science education has come a long way to occupy 
a central position and has received repeated emphasis from policy consideration as reflected in 1964 
Education Commission Report, the \9(iS National Policy and successive 5 year plan documents. The 
implementation phase the (1875-86) of the 1968 policy brought in a shift in science education at the 
secondary stage towards making it more interesting, meaningful and relevant to the children and their 
daily life. 

The National Policy on Education (NPE 1986) has again stressed the importance of science 
education.Thc policy is the culmination of several regional and national seminars and meetings on national 
goals and curricular concerns. The exercise involved large numbers of educationists, scientists, planners, 
administrators, teachers and parents. The review of the earlier efforts helped in the identification of 
weaknesses, strengths, areas of failures and successes (documented as Challenge of Education). The 
recommendations in the policy document in general and science in particular derived strength from the 
above document as well as from the study of the Working Group on Science Education set up by NCERT. 
This group comprised of people from school and higher education, scientists and researchers. 

The policy document highlights the need for expanding and extending the opportunity of science 
education to larger populations of school children and through the non-formal system to olhersof this age 
group. This strengthens the efforts for providing science to all. Further it emphasized the need for: 

« Synthesis of change-oriented technologies and continuity of the country's cultural traditions; 

• Inculcation of sdenlifie temper among the younger population; 

• Incorpoi ating national concerns such as proteetion of the environment and observation of small 
family norms as themes in the school curriculum; 

• Removal of social barriers and ineuk'^nlion of world outlook; 

• Postering broad based human values. 
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The documcnl, while ouLlinlng ihc scope of science education, has made specific recommendations 
mentioned below, lo make science learning more meaningful, interesting and relevant while extending lo 
all: 

Science Education 

Science education will be strengthened so as to develop in the child well defined abilities and values 
such as the spirit of inquiry, creativity, objectivity, the courage to question and aesthetic sensibility. 

Science education programmes will be designed lo enable the learner lo acquire problem-solving 
and decision -making skills and to discover the relationship o{ science with health, agriculture, industry 
and other aspects of daily life- Every effort will be made to extend science education to the vast numbers 
who have remained outside formal education. 

Environment and Education 

There is a paramount need to create a consciousness of the environment. It must permeate all ages 
and all sections of society, beginning with the child* Environmental consciousness should inform teaching 
in schools and colleges. This aspect will be integrated in the entire educational process*. 

Curriculum Development and Implementation 

Curriculum development is an important phase of education and it is an essential component for 
translating the expectations of the national policy. The Department of Education in Science and Mathe- 
matics (DESM) of the National Council of Educational Research and Training (NCERT) is the 
department cnirusled with the development and implementation of the curriculum in science and 
mathematics. It collaborates with other departments and units of NCERT, SCERTs in states, state 
departments of education, universities, research institutions and schools. It also works in close liaison with 
international organizations like UNESCO, UNEP and others. 

The present phase of curriculum development in science for different levels of school education is 
the extension and reinforcement of the earlier curriculum of the 1975 phase along with the incorporation 
of recent national concerns and recommendations of the National Policy. The steps can be summarized 
as follows: 

1. Review of the earlier policy of 1968 to identify strengths and weaknesses. 

2. Re framing of the National Policy (1986) keeping in view the earlier feedback and also the 
present national goals and concerns including the global concerns and expansion of scientific 
and technological information (NPE 1986 document). 

3. Detailingout the nature of the school curriculum, specially the objectives for each stage, courses 
to be offered and translation of other expectations of policy (National Curriculum for Elemen- 
tary and Secondary Education - A Framework). 

4. Development of guidelines for curriculum developers and implcmentors particularly for science 
education. 

5. Development of syllabi in science providing details of course content, activities and expected 
oiitcomcs. 
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6. Development of an instruclional paekage comprising of textbooks, teacher resource materials, 
evaluation matcru-s, laboratory materials and supplementary reading materials. 

7. Development of enrichment materials for eurrieular as well as co-eiirrieular activities such as 
oul-of-school science activities (science clubs), science exhibitions, science magazines, newslet* 
ters and others. 

8. Development of guidelines and training of Tunctionaries responsible for curriculum develop- 
ment and implementation at the state level. 

9. Trainit'g and development of materials for teacher educators/trainers responsible for teacher 
training. 

10. Development of guidelines for strengthening schools specially in science laboratories and 
libraries. 

11 . In-dcpth study of eurrieular materials implemented to obtain feedback for continual revision, 
improvement and for the next cycle of curriculum change. 

These efTorls are expected to help overcome constraints such as lack of detailed guidelines for 
curriculum development, implementation, strengthening school resources and lack of trained personnel 
at state level. 

Science Curriculum at Secondary Stage 

The essential features of the science education curriculum in the light of NPE (1986) are mentioned 
briefly below: 

1. Science teaching continues to be an esscnlial componem of general education in the first ten 
years of schooling. 

2. Every child has opportunities to learn science during the first ten years of schooling. 

3. Since science wnuldbe available to all children irrespective of sect, caste, creed and economic 
status, attempts have been made to make it more meaningful, and relevant to daily life of 
children. 

4. The science curriculum would provide learning experiences, for developing problem-solving 
and decision -making abilities, inculcating scientific attitudes. 

5. Science up to secondary stage (10 years) has not been presented as disciplines since the child 
cxpenenees it as a cumulative experience related to life. 

6. Efforts in the present science curriculum have been directed to make learning child-centred 
utilizing daily life experiences so that the child appreciates the role of science knowledge in the 
improvement of living and alst) the quality of the environment. 

7. Technology education has been built into science rather than being a separate subject. 

The science curriculum developed recently aims at consolidating the abilities, competencies and 
skills achieved at particular levels, say, after primaiy, upper primary at the next level. The science 
curriculum towards the Icrminul stage of secondary level expects Ihiit learners would be able to: 
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understand ihe nature of scictilific knowledge; 

apply appropriaieiy the principles, laws and theories of science while interacting with the 
environment; 

use processes of science in solving problems, making decisions and furthering the understanding 



interact with the environment in away consistent with science values like keep aside prejudicial, 
social barriers for environmental protection; 

understand and apprecio^c the role and relationship of seicnee and technology with society; 
develop interest in science and related issn^ and enjoy a richer and exciting view of the world 



The science content of the sceondary curriculum is based on earlier knowledge at primary level. lu 
addition, the above objcetives have been the basis for determining the content (syllabus), which has been 
framed in detail, listing concepts, sub-concepts, supportive teaching/learning situ at ions/experie nces/ac- 
tivities. The expected outcomes in terms of knowledge, skills, competencies are indieated. The syllabus 
also provides hints to textbook writers about depth, treatment etc. 

The content themes of the syllabus for the age group 11-16 are woven around human beings, their 
environment, daily life experiences of ehildrcn and the community. Aea)rdingly the textbook developers 
have developed instructional packages based on themes such as science in daily life, things and changes 
around us, important environmental resources like ah, water, soil, energy and useful plants and animals. 
Other basic scientific processes, practices, principles have also been included with examples from and 
with relevance to daily life. 



of science; 



around; 



devek)p manipulative skills associated with science and technology. 



Course Content 



Ways of living 
((Organization, life processes, 
unity ofltfc) 




World of work 
(Work is a rule of nature 
technology fa ci lilies work) 



(Organization, uniqueness, 
needs, limitations) 



Energy 

(Sources, a>nservation) 



Environment 
(Biasphere, resources and 
recycling) 





(Production, utilization, 
distribution) 



Country experiences: India 



Outline of basic themes of the Science Curriculum 

Efforts have been made to provide knowledge es&eniial lo both rural and urban populations on 
themes like health, nutrition, diseases, energy, industry, agrieultural implements and practices. 

The course coverage !ays overall emphasis on components of environment, natural resources, 
relationships between humans and environment, inter-dependencc and utilitarian aspects of scientific 
knowledge and technology, and science applied to understanding the biological unity of the human race, 
irrespective of caste, colour, creed, religion and language. The terminal part of secondary education 
(Classcs'lX-X), covers content from a historical perspeetiveof technology vis-a vis human needs andgives 
a feel for the role of science and technology in determining the quality of life and the role of citizens m 
national development. 

Some examples: 

. Science in daily life, use of scicntinc methods such as obscrvalion, collection of things around, 

deal with relevance of scientific knowledge. 
• Collection of materials and classification on the basis of solids, liquids and gases. Students also 

learn in tabulate the information, 
. Gathering of information from grocer shops, mechanic shops, farmers, fruit and vegetable 

sellers on diet habits, requirements, sources of pollution make them realise that scientific 

knowledge is inseparably connected to family, community and society and not a product of 

contrived situations. 

. Recall of information through pictures of daily life experiences/objects about motion (Jhula), 
fly player, movement of mooii give children opportunities to identify and understand application 
of principles of science, 

. Knowledge on acids and bases is related to acidity in the stomach, acidity of soil, environmcnla! 
effects. 

. Using knowledge of motion, children calculate distance, average speed from their activities like 
travelling on foot, cycle, bus or train. 

Activities based on daily life objects and situations covered in all themes encourage children to 
question, seek answers, he curious to know, interview elders to gather information on plants, animals, food 
and fodder production. 

The discussion in the course on human beings, their uniqueness and evolution helps children 
understand more about humans, vis-a-vis other organisms of the environmem. 

The unit on energy exposes children tosources they use, disadvantages of over use, hazards of nuckar 
enci^, reducing pollution and need for conservation at individual and group level would help children lo 
apply the basic knowledge on energy gained through Ihis Iheme, 

The examples of food chain giving scientific aspects of vegetarian diet, relate to food chain, 
biosphere, disturbance to mineral cycles because of the use of fertilizers. The examples encourage children 
to appreciate the need for harmony between humans and environment. 

The examples on soil structure, fertilizer use, and pesticides, help children to apply the knowledge 
to growing crops, vegetables and ornamental plants. 
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Science for all and the quality of life 



Strengthening Teacher Education 

Experiences and feedback orcurriculum implementation, at the level of teachers, from the beginning 
and specially during the 1975 phase, helped in strengthening teacher education component. Summer 
institutes of 2-3 weeks were organized. 

It is felt, in spile of all sincere cfTorts, implemenlation still was not backed up by intensive training 
of classroom teachers both in terms of numbers and quality of training. 

The curricular reforms after 1986 and review of earlier teacher training efforts necessitated the 
corrcj^ponding strengthening of teacher education both at pre- and in-service levels. The policy document 
recommended improvement of quality iif teacher education and also the working conditions with rein- 
forced school resources in terms of laboratories and school libraries. 

Pre-service Teacher Education 

As a Hrst step many schemes were launched to deal with teacher training. It was decided to start 
District Institutes of Educational Training (DIET) at district level, These institutes are responsible for 
pre-servicc training of 2 or 3 years for nursery and elementary teachers. They also hold regular training 
programmes for working teachers on a conlimial basis. 

The National Council for Teacher Education (NCTE) has been framing degree courses for Bachelor 
and Master level as pre-scrvice training in collaboration with university departments of education. Based 
on present curricular changes in science education cnrricular contents for a two year programme with 
details have been worked out and put into practice in some places. 



[n order to reinforce the in-service training programmes specially after 1986, many centrally 
sponsored schemes were started to orient and train the classroom teachers. 

1 . A national schante of in-service training for school teachers (Programme of Mass Orientation of 
Sc/iool Teachers, FMOST) was planned for training 500,000 teachers each year for the period 
IWi-'^O. The short term ohjcclivc was to create awareness among the teachers about major 
policy thrusts and curricular changes introduced recently. It was gradually made more of 
training oriented from awareness, with the strengthening of academic components. 

Ten day Summer Orientation Camps were organized all over the country to initiate, and 
motivate the teachers so that they appreciate the need for training on a continual basis. The 
Course Directors/Key Persons were oriented for 3 days in advance to enable them to organize 
the course successfully. They, in turn, organized 5 day orientations of stale level resource 
persons. More than lO^OUO resource persons have been oriented under this programme. 

Training modules relating to following areas were included: 

a) Policy issue and thrusts 4 Modules 

b) Community/School 4 Modules 



Reinforcing In-service Teacher Training 



c) Pedagogy orientation 

d) Altitudes and value development 
c) Subject oriented mnterial 



9 Modules 



8 Modules 



8M(kIu1cs 
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A telecast in dilTcrenl languages was made during the training camps. Each camp was provided 
with a TV set. 

The pri>grainmc was monitored through observers and feedback directly obtained from the 
participants and resource persons. A review for 2-3 days was done with course directors for 
taking remedial measures for qualitative improvement. 

The constraints such as media support, timings and scheduling of camps* board and lodging, 
were overcome gradually with flexibility at local level. 

Constraints include: 

- Shortage of suitable speakers; 

- Combining of all teachers in one batch overlooking their subject background and level; 
Shortage of relevant media programmes; 

^ Dilution from key person to icacherlhrough resource team. This was overcome to some 
extent by introducing more modules. 
Scheme for iniprovcnteni of Science Education in Schools. For science teachers an additional 
scheme was launched. Since PMOST was mainly for creating awareness, subject needs of 
teachers could not be fulHlled. Tbc scheme was started for overall improvement of science 
laboratories, school libraries and the training of science teachers. The scheme was to help mainly 



tn: 



- improving and strengthening science laboratories; 

^ upgrading library facilities by addition of science books and magazines; 

- establishing District Resource Centres in science education for teacher training; 

- training science and malhematics teachers; 

- seeking assistance and involvenienl of voluntary organizations. 

District Resource Centres are expected lo utilize the expertise of DIETs and Colleges of 
Teacher Education. The resource centres will: 
organize seminars/workshops; 

- offer advice on a continual basis; 

help leachcrs/sehools in organizing co-curricular activities for children; 

- publish science education newsletters and magazines. 

The scheme is sponsored and financed by the Central Government. Initially 500 summer 
iaslitutes of 3 weeks duration arc being organised by NCERT and State Education Depart- 
ments. This will be followed by 2 weeks training programmes by the State Governments. The 
University Departments of Education from the higlier education sector are being involved in 
the training of subject teachers. The teachers for the upper primary or elementary level will be 
trained by DIETS. 
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Science for all and the quality of life 

3. Environmental Orientation to School Curriculum: Environmental education is a priority. Hence 
a ccnlrallysponsorcd scheme was started loslrcngthcn the science curricula with environmental 
aspects. The schetne is being coordinated by NCERT. Under the scheme, it is planned to set 
Environmental Education Cells in State Education Departments.. 

The project areas with specific environmental situations and problems will be identified with 
the help of voluntary organizations. Short term in-service training courses for science teachers 
will be organized by voluntary groups working in different areas. 

Reinforcing Teaching Resources 

The new thrusts in the science cuniculuni and expectations for developing skills, decision -making 
abilities and attitudes would require adoption ofa variety >f teaching resources, educational technologies 
available and programmes being telecast already on science. 

With the introduction of new curricula r materials, teachers were invited to sit with pedagogy experts 
and identify the content areas/topics which needed reinforcement by teaching resource. A set of charts 
related to biological concepts were developed by the Department of Education in Science and Mathe- 
matics (DESM), and the Central Institute of Education Technology (CIET), with the help of University 
experts and school teachers. These have proved quite useful for clarification of concepts both at the cl 
of the teacher and of the child. They can be used either individually or by groups. Another set is under 
preparation. 

Video Ca.sscltcs for teacher training have been prepared on Science is Pan of LifCy depicting the 
needs and means to link science with daily life situations. A video programme on methods of science has 
been developed. 

Co-curricufar Activities to Strengthen Teaching 

Other areas which arc being fruitfully cnipluycd for promoting science education include out-of- 
school activities, science clubs, science exhibitions and science magazines. They provide opportunities for 
teachers to involve students in investigatory projects to create interest and develop certain skills like use 
of lools» kits for carrying out projects and models. 

Evaiuation of Pupii's Achievement 

Evaluation of learning is still continuing through traditional examinations which concentrate on 
cognitive aspects. The examination system has influenced curricular implementation, and proved to be a 
severe constraint for curricular reforms. It is conducted for grading the students rather than assessing the 
learning. The real purpose of pupil evaluation for science learning, to assess the extent of achievement of 
goals and objective observed a.s change in behaviours^ is largely ignored in the present examination system. 

The impact is . crieeted in: 

• reluctanc : on part of teachers to go for innovations, on aUernative teaching strategics. 

« childrcn'5; attitude of casual ncss towards examinations specially among the brighter ones. 

• reluctance on the part of examining bodies, and lack of trained personnel to go for more 
objective assessment. 
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Many curriculum dcvclopcfs feel lhat ihc prcscnC examinalion system discourages a scicntiric way 
of learning, undersianding and applicalion of knowledge. The introduction of the present science 
curricula, with its emphasis on affcclivc objectives requires drastic reforms in examinations at the 
secondary level. 

Item banks are being developed wiih the help of teachers and subject experts. Items for different 
types of objeclives are prepared for the whole course. They help the teachers. They can also help pupils 
train for the cxaminatioti. 

Examination reforms rccommtindcd by the 1986 Policy arc being gradually introduced. A com- 
prehensive eviilualion scheme with evaluation iuslruments for general topics such as attitudes, interest, 
have been developed for Iryoiu and introduction in boards of examinations. The number of applicalion 
type of questions arc being used increasingly to assess the ability of the children to apply their knowledge 
of science ci>ncepts. The trend for providing more imaginative and application types of questions have 
also been introduced in the textbooks. 

The possibility of making ol>jectivc based assessment of achievement even at the school level, where 
teachers have freedom and evaluate their own pupils, is not being utilized. This probably speaks of lack 
of the training to assess specially the alToetivc domain and secondly a shortage of appropriate instruments 
of measurement for the affective domain. 

The instruments developed, in a comprehensive scheme of evaluation, such as rating scales and 
checklists have been prcparedfor measuring attitudes such as towards studies, teachers, school mates and 
school programmes. For one activity for observing behaviour, t he evaluation tool is given below. 



Example: Behaviour Tally Chart 

Activity: Field trip to study plants and animals 

Name of the ieamer. 



5. i\fa. Specific behaviour to be observed 

1. Moves in field without anything specific to do 

2. Break plants without purpose 

3. Mi)vcs from group to group 

4. Questions other group members 



Likewise behaviour checklists can be framed to observe behaviour with regard to laboratory and 
project work. Here the pupil can be involved in debates, discussion, individual or group work, to assess 
the Interest, altitude and other objectives of the affective domain. The work in development of evaluation 
tools and instruments specially forlheaffcciivedomain has not been undertaken for the science curriculum 
introduced in 1986. This aspect really calls f'^r intensive inputs both in research and training of teachers. 
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5. Indonesia 



Development in Indonesia is reaching a eriticai phase — the last period of the first national 
development plan. In the past, the country's emphasis was on agriculture. Now, there is a shift in empha&is 
to agro-industry« According to the current State Guidelines, educational development will focus on the 
quality of education. The Government intends a basic education of nine years. 

The current curriculum is ccnlralized. The system is 6 -1-3 -1-3. Up to year 10 every student has the 
same programme. At year U and 12, there are four optional programmes: physical science, biological 
science, social studies, and culture and art programmes. Since 1984 process skills have been addressed in 
all subjects and at all ages. Their purpose is to develop students* creativity, scientific attitude, and self 
sustaining capacity. However, concept-orientation is still dominant. 

The teacher is provided with almost everything he/she needs: background materials, worksheets, 
equipment, and test items. There is a teacher training system which is believed to be effective. It operates 
through Teacher Centres: 



Teacher Centre 



Workshop 



7K 



Teachers 



1 




Workshop 


/ 




Teachers 



Workshop 




Teachers 









Workshop 




\ 




Teachers 



Selected teachers arc trained in the Teacher Centre, and then take responsibility to conduct 
workshops which surrounding teachers attend. 

The difficulties thai teachers face mostly are lack of resources, loo many experiments to be done in 
class, and an examination system which is concept oriented. Time constraints, consequently, are a major 
difficulty. 



84 



Country experiences: Indonesia 



At Uiwcr secondary level, even chough cxperiincnlsare carried oul and process skills are developed, 
ihc teacher is ohiiged to follow an academic approach. Relating to daily life is diffieult. Most experiments 
are laboratory based, with formal worksheets fixed by central authorities. Creative teachers develop 
activities which relate science aftd leehnology to real life, but mostly as co- and extra-currieular aeiivilies. 

At the primary level, the situation is better because less concepts are required. The teacher has more 
lime to relate activities to daily life. Concept learning can be linked to improving the quality of life. 

The plan to establish nine-year basic education is part of a move towards industrial developmenL It 
is an important force in curriculum reform. Efforts are being made at the moment to include the latest 
issues in education: Science for All ; Education for All, and constructivism theory in curriculum planning. 
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6. Lao People's Democratic Republic 



In Lao PDR, education at all levels, and in all grades, is given in Lao (National Language). The 
school system is 5 + 3 + 3 (primary, !owcr and upper seeondary). Science and Technology are compulsory 
subjects at all levels of general education. At sea)ndary levels (both lower and upper) science is taught as 
separate disciplines. 

Policy and strategy on science and technology education 
at Lower Secondary School with reference to Science for Ail 

The gencf al policies of Lao PDR CJovernment are: 

• Education must keep one step ahead and play the key role for opening the way to socio- 
economic and cultural development. 

• Education must be closely linked wil h productive work. 

• Social attention should be paid actively to the development of lower secondary school and 
should eonsi'lcr it as a central task for being able to accept all pupils who graduate from primary 
school. 

Science and technology education al lower secondary school is intended to: 

• enable pupils to have a basic and solid knowledge of science, especially in relation to agriculture, 
forestry, handicrafts; 

• encourage them to use the scientific method in resolving real life problems; 

• develop scientific attitudes and mind; 

• develop scientific and technological thinking 

The existing curricula for lower secondary sduHils in Lao PDR has been in use since 1976. The time 
allocated in the leaching is «% to biology; 8% to physics, 2% to chemistry; 4% to housework and 
woodwork, 4% to agricultural technology. 
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Planning and Implementation Difficulties and Actions 
Taken to Overcome Them 

The Educalional Science Research Instkutc is responsible for Ihe research and elaboration of the 
curriculum, lcxlbonks> and mclhuds of teaching and learning. 

The content of curricula and textbooks is well planned and well organized. It reflects the objectives 
of Science and Technology Education at Lower Secondary School. Science textbooks are in Lao and reflect 
the scientific nature of education. However the teaching emphasizes recording and memorizing. 
Demonstrations and pupils* expcrimcnls are not common. 

The major diffi cullies are shortages of textbooks, adajuatc teaching staff, curriculum materials, 
equipment and laboratories. According to the new education strategy set up in 1986, programmes to revise 
curricula and tex(bo4)ks and to train teachers are underway. 

Application of Science and Technology Learning 
in Real-Life Situations 

Science and technology education, astaughl in Lao PDR classrooms, has had a tangible and positive 
impact on the learners and society. More and more now learners and society arc aware of personal and 
social hygiene, and of ihc use of scicnlifit techniques in production and improvement of the quality of life. 
However science and technology educatitm has not yet hiid profound impact on the ways learners and 
their communities behave. 

Leaming and Assessment 

In the educational strategy of Lao PDR (jovernmcnt , the assessment strategy is staled: Education 
Boards must be re-slriicturedat each level - student learning activities should be controlled and assessed 
through the new examination regulations. Assessment addresses knowledge, skills, attitudes and the 
intelligence of the pupils. Examinations arc set and marked by Boards of Examiners at three levels: district 
provincial and national. The present system of examining students in Lao schools is not satisfactory and 
prehminary steps are being taken to change it. 

The proposed changes deal with assessment under four headings: open democratic and fair 
as.sessincnt procedures; whole-person a-ssessnicnl; core subject assessment; and assessment of what is 
actually taught. 

Teacher Training 

Teacher training aims to develop teachers who piissess the following qualities: 

• a socialist citizen with qualities of the new working man or woman; correct thinking; and abilities 
for organizing, administering and leaching. 

• ability for developing the role of the schcxU in the context of socio-economic and cultural 
development of the local community. 

To he a teacher in the lower secondary school a candidate must ainiplete the lower secondary school 
level and then undertake Ihrce-years training. It is proposed in the educational strategy to change to 
completion of upper secondary school plus three years training. 
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1. Malaysia 



Current Science Curriculum 

At lower secondary level, Malaysia adopted the Scottish Integrated Science Curriculum Grade 7 to 
Grade 9. At the upper secondary level, the British Nuffield Science Curriculum was adopted, from which 
iwt) Malaysian programmes were derived: a pure science programme aimprising physics, chemistry and 
biology, and a general science course. The pure science programmes were intended for p*jpi]s who are 
inclined to pursue science. The Malaysian Oencral Science syllabus was meant for those in the non'Seience 
stream. 

Malaysia has developed an Itueff-ated Secondary School Curriculum^ locally known as KBSM. li is 
replacing the above programmes. The KBSM is a curriculum reform aimed lo nurture and develop the 
potential of the individ ual in t he intellectual, spiritual, emotional and physical domains, in a comprehensive 
and holistic manner, li is based on the National Philosophy of Education: 

^'Education in Malaysia is an on-going effort dedicated to developing the potential of individuals 
holistically in an integrated manner so that their development, based on the belief in God, is intellectually, 
spiritually, emotionally and physically balanced and harfuonious. Such an effort is desisted to produce 
Malaysian citizens who arc knowledgeable, pa'isessinghigh moral standards and are responsible and capable 
of achieving a high level of personal well-being as well as being able to contribute to the harmony and 
betterfitent of the society and the nation at large. " 

The KBSM science curriculum aims to provide learners with opportunities to acquiring scientific 
knowledge, scientific skills and universal values. The principles which guide the formulation of content in 
the new science KBSM arc: 

• Science fur undcrsumding of nature 

• Science for human well-being 

• Science for personal development 
The content is organized under four themes: 

• Humans and (he variety of living things around us. 

A variety of living things; the mtrld through oursetises; coordination in our bodies: reproduction 
end growth: variations and hcn*dity; nticroorganisms and their impact on humanity 
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* The wealth of tlic carlh and ils managcmcnl. 

A variety of resources on earth; the air armnd us; water and solutions; Earth and its resources; 
matter and substance; caiiyon compounds 

m Energy for living. 

Fonns and sources of cncr^^; food and the release of energy; nutrition and food production; heat 
and its transfer; electricity and nwgnedsm; light, colour and vision; energy and chemical changes; 
force and motion; transportation and communication 

• Humans and balance in nature. 

Interdependence between living things and their environment; balance in nature: EartJi and the 
universe 

In-service Training For Science Teachers 

The main purptisc of ihc training pr(^granlmc is lo orient teachers to the aims and aspirations of the 
KBSM and Ihc National Philosophy of Education, and to eonsider the roles of teachers in Ihe implemen- 
tation of the KBSM reform. 

Centralized teacher training programmes and In-House programmes are conducted. The In-House 
training package consists of printed documents and video-tapes. The documents and tapes provide the 
information necessary for those involved with planning and impiementing the in-house programme 
throughout the country. 
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8. Maldives 



Since the 19f)0&, Ckncral Science has been taught in the Middle Sehool (ages 12 - 14 years). Until 
the National Currieulum was forrnuhtcd in 1984, schooL used scienee textbooks produced in various 
neighbouring countries. Teachers usually followed the chsr^ters as presented in the textbook. Frequently 
these textbooks were not bought on recommendation but acquired as aid from another country. 

The National Curriculum for Grades 1 • 7 includes General Science in Grades 6 and 7 and in the 
early years incorporates science concepts in the Environmental Studies Programme. A team of two 
Maldivians drew up the original outline, based on the West Indian Science Curriculum, The syllabuses 
had to be supplemented with textbooks. However, due to certain constraints, such as limited expertise to 
prepare textbooks Integrated Science for Caribbean Schools land II has been used to support the General 
Science Course in Grades 6 and '/, since 1985. 

Ill the course of implementing the General Science syllabus, constraints were identified which led 
to a major review of the programme. A two week workshop was held at the Education Development Centre 
in 1988. Maximum effort was made to draw lo the workshop expertise from within the country and outside. 

One of the major recommendations of the workshop was that the aims and objectives of science 
leaching should be clearly spelt out so that the teachers would be guided by objectives and not merely 
follow the text books. Accordingly, the participants of the workshop formulated aims and objectives for 
the middle school. In doing so, the following were kept in view: 

• the National Educational Goals: 

- To make education more relevant to the local environment, 

- To train the workforce necessary for national development. 

• local needs and environment; 

9 skills and attitudes required in a rapidly changing world; 

• traditional culture and values; 

• maturity and age level of the students in Grades 6 and 7; 

« the middle sehool as a terminal stage as well as a preparatory stage for higher education. 
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Alms of Science Teaching at Middle School Level: 

1. develop and fosJ.cr an appreciation of llie application of science for human welfare and to msUl 
in them the iniporiance and need for judicious use of the knowledge of science; 

2. promote self-learning of knowledge around them through the processes of science; 

3. 10 foster team spirit and a sense of cooperation in acquiring and sharing the fruits of knowledge; 

4. help develop independent and constructive thinking; 

5. develop the ability to tackle the problems of daily life situations and to find solutions through 
the application of scientific knowledge and processes; 

6. instil and develop in llicm a sense of responsibility to apply the scientific knowledge and skills 
acquired towards improving the quality of life; 

7. develop in them scicntinc atiiludes and skills to produce scientific and technological manpower 
for national development; 

8. develop interest and curiosity for knowledge and understanding through scientific processes; 

9. develop respect for logic and opinion of others, and concern about consequences; 

10. help to acquire practical and work-oriented knowledge and skills through learning sc ence. 

Planning and Implementation Difficulties 

Among the problems and difficulties faced by the Education Development Centre in its first attempt 
to implement the Lower Secondary Science Curriculum were the following: 

. Shortage of manpt^wcr for planning and producing teaching/learning materials. (Tliis problem 
has been ox^rcome temporarily -hrough involving people from other sectors such as health, 
fisheries and agriculture.) 

• Lack of a science component in the teachers' training programme. 

. Science Education is ofiicially to be ecmducted in the English language. Available untrained 
teachers are not able lo carry out aetivity-oriented teaching/learning activities in EngUsh. (II has 
been approved mm to conduct Science Education at lower secondary level in Dhivehi, when 
the English medium is not possible. The new textbooks will be translated.) 

. Translating Science textbooks from English into Dhivehi poses a new problem of coining new 
terms - Ihis in turn leads to shortage of books as the process of forming new words is taking a 
longtime. 

• Lack of science teaching aids and supplementary materials. 

(A basic kit is provided by the Ministry of Education, but It is not adequate). 

• Need for producing improvised aids frtjm local materials 

. Hesitancy of teachers to adopt activity oriented approaches limits students' allainment . 
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9. Nepal 



Educational Structure 

The prcscnl educational structure in Nepal is 5-5: five years of primary and five years of secondary. 
Prior 10 this, ihe system consisted of five years of primary, two years of lower secondarv and three years 
of (upper) secondary. A plus 2 stage (higher secondary) will be added gradually to the existing system. 
His Majesty's Government has already announced that secondary education will be from Grade 6 to 10. 
Grades 6 and 7 from the previous structure are attached currently either to primary schools or secondary 
schools. 

Changing Face of Science Education 

Until 1971, science was taught as an optional subject in high schools (Grade 6 * 10). At that lime 
there were no standard textbooks. There were no clear objectives for school science. 

With the New Education System Plan (NESP) in 1971 lliere was a dramatic change in science 
education. One of the significant features of NESP was the establishment of the Currieuium Development 
Centre, now called the Curriculum Textbook and Supervision Development Centre (CTSDC). This centre 
is responsible for developing, implementing and evaluating the science curriculum. 

Currently, a centrally - directed model of curriculum development is in operation. National goals 
were translated into curriculum objectives and programmes. Curriculum guides were prepared in various 
subjects including science. Activity oriented textbooks were developed. Orientation and on the spot 
training programmes for teachers were organized. Science equipment was distributed. 

The objectives of the new science curriculum arc basically the acquisition of knowledge, skills and 
attitudes of direct use to the students in their daily lives and understanding. 

Organization of the Curriculum 

The major curriculai goals are set at the national level by the Ministry of Education. They arc 
translated into various subject learning objectives by the respective specialists. The current primary 
science curriculum stresses the leaching of biology and environmental science. At the lower secondary 
level the emphasis is on physical and biological sciences, while at the secondary level> science is taught as 
physics, chemistry, biology, geology and astronomy. 

The subject specialists in the CTSDC are responsible for developing and evaluating the curricula. 
The commillce system is used Id develop curricula. There arc three types of committees. The subject 
committee is comp'.iscd of members from different educ4itiona] institutions e.g. the Institute of Education, 
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university campuses, EducJU)nal Directorates and School teachers. The chairperson is appointed by the 
centre. The subject specialist of CTSDC acts as a secretary to this committee. 

The suhjeet specialists first prepare a draft curriculum which is discussed in the subject committee. 
Improvements arc made and the revised draft curriculum is forwarded lo the next eommilice known as 
the Curriculum, Textbook DcveUipmenl and Innovation Committee organized under the chairmanship of 
the Cliief of CTSDC. After approval by this a)mmiltcc, the draft curriculum is sent to a third committee 
called the Curriculum and Textbooks C\)ordination Committee headed by the Honourable Minister of 
Education and Culture. Only after the approval of this committee is the draft curriculum ready for 
implementation. 

Instructional Time 

The total instructional lime devoted lo science education at primary level is 10% and at secondary 
level is 13%. That means four periods (45 minutes per period) a week in C^rade four to five and five periods 
a week in Ciradc six to ten. 

Evaluation 

An examination unit was established with the introduction of NESP. The new scheme is an integral 
part of the education system. It has produced standardized achieveincnl tests with limited success. There 
is a lack of suitably trained man power for the purpose. The new scheme for student assessment includes 
provision for internal assessjnent. The next step of the new evaluation scheme is to keep records of the 
progress achieved by individual students. 

Teacher Training 

After the implementation of NESP, the Institute of Education (lOE), now Faculty of Education, 
organizes different courses ,it certificate, diploma and degree level, lo produce trained teachers. There 
are pre-service as well as in service training programjnes. 

The production of science teachers from the Institute is limited. Lack of qualified and trained science 
teachers is one of the greatest draw l>acks, both for schools and for training programmes. 

The qualifications required for leaching science at the primary level is the School Leaving Ccr I ifieale 
(SLC) and some additional training. At the lower secondary level, one year of science and one year of 
education with a major in science is required, and in the secondary lev^l, B.Se. or B.Ed, with a major in 
science. 

The problem with science teachers with M.Sc. or B.Sc. background is that they prefer lo tike 
employment outside the teaching profession. They use the teaching job just as a platform for employment 
elsewhere. 

Curriculum Revision 

Curriculum devck)pmenl is a continuous process and it has to be adjusted constantly to changing 
national needs, aspirations and values. In this conlcxi, the curriculum has i>een revised in mi and science 
made optional in grades nine and ten . The main reasons for making science optional are; 
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• (he low achievement of the students 

• lack of qualified and trained teachers 

• lack of classroom facilities 

• high sludents/tcachers ratio 

• the teachers are not acquainted with Sophisticated equipment* 

With the revision of the curriculum, all the textbooks from Grade IV to X are being rewritten so that 
(hey suit under-qualiHed science teachers. Especially in primary and lower secondary grades few experi- 
ments were done. So the revised curriculum shifts the emphasis from the student centred textbooks to 
teachers centred ones. 

To overcome the lack of qualified and trained science teachers and to equip the schools with 
necessary equipment the Ministry of Education and Culture launched a five year programme with the 
establishment of the Science Education Development Centre (SEDEC) in 1984. This is one of the 
landmarks in science education in Nepal. 

Problems 

Most schools, especially primary schools and those in the rural areas, are short of standard 
classrooms and space. Lalxiratorics, workshops and libraries are al most nonexistent. Nearly all secondary 
schools have permanent buildings but the classrooms arc crowded. Very few well established secondary 
school have laboratories for science and collections of hooks for students and staff. 

It is widely fell that the quality of education suffered in the course of the recent significant expansion 
of schools and enrolments. The deficiency in quality is related to physical facilities, Instructional materials, 
trained teacher supply, and no capacity to translate the national goal and curriculum objectives into 
textbooks, teacher training and evaluation programmes. Because of these deficiencies teaching-learning 
and evaluation programmes cmphasi/c objectives in the lower levels of the cognitive domain. 

Very little research work has been done in science education in Nepal. In the currteutum develop- 
ment process also there is a great difficulty in developing a balanced curriculum for the whole country 
because of the great diversity in its pciiple and geographical features. There is also very low participation 
of teachers from some parts of the coimlry. 

Primary education has now been accepted at the national level as one of the ba^ic n<;eds of the people. 

Recently CTSDC has proposed that science education be made compulsory from Grade one to ten. 

The Curriculum, Textbook and Supervision Development Centre has already prepared a proposal 
to establish an institute to promote school science and mathematics education. It is being on process for 
approval by His Majesty's (jovcrnrncnt. 

Conclusion 

An urgent need to promote science and technology education and relate it to real-life situations in 
Nepal is strongly felt. The National Science and Technology Policy of Nepal, approved in May 1989, 
reeogni/cslhat the capability of a nation lies largely in its scientific and teelinologieal capability. A National 
sci'^inar on Science and Mathematics Education Policy and Planning held February 1990 was very timely. 
So is this Workshop. 
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Science and lcclmi)l(>gy have importani roics in Ihc currcnl and future well being of humanily. To 
gcl rid of misery, poverty, hunger, diseases, iliitcracy, social injustice, energy crisis and environmental 
pollution at national and international levels, introduction of science and technology in the curriculum at 
lower secondary and higher secondary levels is essential. 

The policies of ihe Government Include Education for Aii, and special emphasis has been given lo 
science and technology. Science education is a>mpulsory at lower secondary level (Classes VI to VIII). 

Curriculum Development and Implementation 

Pakistan has a unique system of curriculum development and implcittCniaiioR. There is a Federal 
Curriculum Bureau known as the National Bureau of Curriculum andTcttbook Development. Under the 
control of this organization, provincial curriculum dcvelopmem centres develop the initial drafts of the 
curricula, keeping in view the national and local needs of the students and society. These drafts are 
submitted to the National Bureau of Curriculum, which finalises and approves them if they are found lo 
be satisfactory. The dra fts are l hen handed over to Textbook Boards situated in each province. Textbooks 
are developed by the Textbook Boards, and fnially approved by the Ministry of Education and the 
Curriculum Wing. They arc printed by the TextUiok Boards. 

Approach in tlie New Curriculum 

The selection of the subject matter has been made on the basis of: 
the child's intellectual, emotional and physical needs; 
the sciences, especially Biology, Physics, Chemistry and Astronomy; 
ihe environment, both natural and man made, in which the child lives; 
the objectives we wish lo attain; and 
the total schu)l curriculum, 
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Aims and objectives of science teaching: 

• lo achieve a broad and genuine appreciation and understanding of different aspects of science 
and technology; 

• to promote scientific literacy and provide scientific and technological manpower for the 
country's needs; 

• to prepare the young generation to solve their own problems, as well as the problems of 
humanity, at community and global levels; 

• to improve the socio-economic conditions of the country. 

Planning and Implementation Difficulties and Actik>ns 
Taken to Overcome Them 

Science and technology education is given a special place in our seventh Five Year Plan, and foreign 
aided projects are also functioning to spread science and technology education at lower secondary and 
higher secondary levels. 

The problems faced are shortage of appropriate funds; shortage of highly qualified people to leach 
at lower secondary level (due to limited financial resources), and population explosion. 

Pakistan is assisted financially by organizations like, UNESCO, UNICEF, World Bank, Asian 
Development Bank and ODA.Thc problem of getting highly qualified people to teach science at lower 
secondary level will take lime to resolve. 

Evaluation of Pupils Achievement 

In teacher training programmes, attention is given to evaluation of pupil achievement, including 
scholastic attainment and attainment in the affective domain. Measurement and Evaluation arc taught as 
subjects in the teacher I raining colleges. 

Examining boards at the provincial and federal levels use written tests for measuring scholastic 
attainment. 



Teacher Education 

Elementary teachers complete one year s training after matriculation to obtain the Certificate of 
Primary Teaching. Teachers for lower secondary classes (VI - VIII) complete one year's training after BA 
or BSc, lo obtain a Certificate of Teaching. 
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Science educalion in the Philippines has been revilalizcd. This was the result of major edueationai 
reforms instituted in response to the government's thrust of raising national pioduetivity and eeonomic 
stability, and the educational thrusts of equity, quality, efficiency and reievanee. 

Two important developmental programmes for elementary and secondary educalion were adopted. 
These were the Programme for Decentralized Educational Development (PRODED) and the Secondary 
Educalion Development Program (SEDP). PRODED was tasked to improve the quality of elementary 
education while SEDP will upgrade the quality of secondary education. These progr ammes were designed 
to: 

1. reduce regional disparilies in educational resource; 
Z improx'c pupil performance; and 

3. improve overall quality and efficicnlly of elementary and secondary education. 

The programmes oi>craied in phases which were in line with the ne>y developmental strategics 
spelled out in the 1982-1989 Medium Term Philippine Development Plan. Tlic implementation of 
PRODED took precedence since priority was gi\'cn to the improvement of pupils' performance at the 
elementary level. lis inputs were a new curriculum emphasizing the 3 R's and Values Education; upgraded 
instructional materials; retrained teachers, administrators and supervisors; and new and repaired school 
facilities and equipment. 

The implementation of the SEDP coincided with the entry of PRODED educated pupils to the 
secondary level. SEDP continued the improvement started by PRODED along with the pilot testing of 
the curriculum and the training of icachers. 

The expected outcomes of SEDP are: 

. increase participation rate (PR) or the number of studenJs per school from 515% to 71.5% 
. increase internal efficiently (survival rale) of students entering first year and leaving fourth year 
by reducing drop-out rale in the public schools from 5.8% to 2%. 

• increase achieve mcnl scores from 53% lo 70%. 

. develop a new curriculum and new policies for secondary education. 

• build 673 school buildings with equipment packages for science, mathematics and work educa- 
tion. 

• improve textbook/students ratio from 1 .7% to 1.1%. 

• improve teacher/students ratio from 1.53 lo 1 .40, 
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• train 140,000 public school teachers, 400,000 private school teachers. 

• eric nl 5,000 school administrators (public and private). 

The general plan for revitalizing the secondary ed^^dt ion programme involves the implementation 
of intervening activities on: 

• curriculum development; 

• staff development; 

• provision of instructional materials; 

• research and special studies; 

• revision of procedures and systems for greater efficiency in the administration and management 
of the secondary education programme. Preparatory development activities for the implemen- 
tation of the comprehensive development programme commenced in 1985. In 1989, the new 
secondary school curriculum was launched and started with the first year curriculum. 

Strategies for Implementing the SEDP Goals. 

To improve the quality of education, SEDP focuses on: 

• curriculum reform; 

• provision of quality textbooks/teacher's manuals on a 1:1 basis; 

• provision of sdencc and work education equipment; 

• staff development (short and long term); 

• assistance to private secondary education; 

• research studies on National College Entrance Examinations (NCEE), Barangay high schools, 
career guidance, etc.; 

To effect efficiency in the system^ the SEDP focuses on: 

• research studies on school location and distribution, financing schemes, teacher's salaries and 
benefits, etc.; 

• strengthening of sector management and evaluation system. 

To expand access to the sector, the SEDP plans to undertake/expand: 

• the school building programme; 

• the service contracting scheme; 

• alternative delivery systems. 

To ensure equity in the system, the SEDP plans to undertake/expand: 

• < ho school building program for local high schools; 

• the equipment provision and technical assistance for disadvantage areas. 
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Policies and Strategies 

A Overall Policies 

Major curriculum reforms were carried oul in the context of the Medium Term Philippine Develop- 
ment Plan, 1987-1992. The policies and strategies to implement these policies are as follows: 

Policy: Improvement of the quality and relevance of education and training with respeet to Philippine 
conditions and needs. 

Strateffes: 

1 . A general curricular and program rc-orie.ilalion which foster knowledge, skills and values. 

2. Revision and development of textbooks and learning aids that will reOecl Philippine conditions 
and experiences. 

3. In-service training programs for teachers, administrators and supervisors. 

4. Expansion, improvement and maintenance of learning resources, such as libraries, museums 
and educational media centres. 

5. Development of a more efficient system of selection and retention. 

6. Increase institutional autonomy to enable schools to strengthen curricular offerings. 

7. Create partnership with industry and the rest of society to ensure productivity and enhance 
relevance of institution. 

Policy: Etpiitahle access to education and training opportunities. 

Straic^es: 

1. Development of a socialized tuition fee scheme which is based on the social cost of education 
and student's ability to pay. 

2. Priority in the distribution of teachers* instructional materials, school facilities and equipment 
to disadvantaged communities and disabled individuals. 

.V Provision of alternative training opportunities for the under privileged and disadvantaged 

sectors of society ♦ 
4. Strengthening of the rural based training system. 

Policy: Iniensificalion of values educatioiK 
Strategies: 

1. Identification of traditional desirable Filipino values particularly among workers and potential 
workers. 

2. Integration of values education in the school curriculum using appropriate teaching strategies 
and character building activities. 
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Policy.' Promotion of entrepreneurial educalion and training. 
Strategies: 

1. Emphasis on entrepreneurial training programmes with an agricultural and rural orientation. 

2. Installation of vital support systems. 

3. Functional linkages with training inslilulicns and industries and non governmental organiza- 
tions. 

Policy: Increased emphasis on seienec and teehnology, indigenous researeh and cxperi mentation, 
Strategies: 

1. lnstituti()naiization of the teaching of science and technology in both eurrieular and eo-eur- 
ricular programmes to promote scicnlirie literacy. 

2, Emphasis on pre-serviee and in-service training of seienec teachers. 

Policy: Full mobiiiTation and utilization of education personnel with an inereasingly commensurate 
system of compensation and incentives. 

Strategies: 

1 . Development of progra^nmes for recruitment, utilization, professional development and welfare 
of teachers. 

2. Provision of appropriate incentives for above average students wbo have the aptitude for 
teaching. 

3. Creation of a differentiated system of career progression for public and private school teachers 
and staff. 

fl. Sectoral Policies 

Policies at the sectoral level are concerned with the upgrading of the formal school system, 
particularly in elementary and secondary education. These policies will continue to emphasize the overall 
policies of: 

• a systematic scheme of student intake retention and >rdgression; 

• equity in the allocation of resources based on regional needs; 

• a more cnTcclive utilization and development of teachers and staff; 

• stronger coordi nation of public and private schools; 

• improvement of management capabilities at all levels. 
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C. Basic Education 

Policy: Basic science education and science promolion. 
Strategies: 

1. As foundaCion Tor icchnological advancement, biusic education in the sciences will be oriented 
towards production. 

2. Priority in innovations in integrating productive work and in-sehool science courses. 

3. Basic science courses shall serve as an instrument to equip the citizens with skills to develop 
appropriate technological solutions tospceifie problems and transform natural resources for 
productive use endangering the environment. 

4. Increase by 30% the number of science and mathematics teachers to be upgraded In leaching 
competencies. 

5. Intensify non-formal education in science through the active promotion and dissemination of 
science and technology information by the 12 regional science and technology centres. 

r>. Emphasis on livelihood/employment related technologies. 

With these policies a more integrative and in depth evaluation of the formal school system will be 
done to identify the major problems and issues thai affect the sector and to recommend appropriate 
measures to improve furl her the delivery system. Public and private schools shall be rationalized to prevent 
poorly-equipped, understaffed and inadequately fmanced institutions which turn out poorly-prepared 
graduates for employment. The revised bilingual education policy will be implemented. The policy slates 
that ihc medium of instruction shall be iu English and Filipino. In addition, the regional language may be 
used as an auxiliary medium of instruction. Salaries of locally funded high school icaehcrsare nationalized 
with the implementation of free public secondary education for the school year 1988-1989. Moreover, ihe 
operating expenses and capital outlays of the schools shall be nationalized. With regards to limited funds, 
new sources of financing shall be tapped. A nationwide adoption of the educational contracting scheme 
lo make education accessible to all. This scheme allows students not accommodated in public schools to 
enrol in private schools at government expense. 

Upgrading of science education will be done in two aspects: 

(a) the updating and the training of teache/s in upgraded methods; and 

(b) the provision of science apparatus and facilities. The teacher-training component of ihc new 
programme will be undertaken by national centres of excellence (CENTREX), selected private 
institutions of higher learning. Regional Educational Learning Centres (RELCs). Regional 
Science Teaching Centres (RSTC&) and selected national or accredited high schools. For the 
equipment component, the Science Equipment Project will oversee the developing, designing 
and production of instructional science equipment in some selected secondary schools. The 
project will also conduct a continuous evaluation of science equipment and training for the 
repair^ maintenance and operation of equipment. 
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Science Education Development Plan (SEDP) 

Bcrore the implementation of SEDP in 1989^ preparatory aclivilics Tor a new Development Plan 
were undertaken. One of these activities is (he rorinulation of theSeience Education De« ;}lopnient Plan 
(SEDP). 

SEDP is a joint project of the Ministry of Education, Culture and Sports and the Department of 
Seicncc and Technology (DOST). It was a research -based study and was eoneeived on the basis of the 
growing importance ofseienee and technology within the Philippine Development Flan and was designed 
to upgrade science education systematically at all levels by providing guidelines and priorities for policies, 
programmes and projects relative to science education. It took two years and hundreds of people from 
various seaors and parts of the country through a series of sectoral consultative conferences, survey 
studies, documentary analysis of perlincnt documents, analysis of related literature in science and 
mathematics education and commissioned studies and paper. The wide participatory mechanism stimu- 
lated active deliberation on the directions that science education should take for US Filipinos. By its 
publication (in 2 volumes), SEDP became a documented basis for describing science and mathematics 
education in the country. 

The policies set down by SEDP were closely linked with the a)untr/s development thrust of 
self-reliance and accelerated produclivily. These pt)lieics were listed in eight categories in the SEDP*s 
plan of action. These are 

• Organization 

• Finanee 

• Curricutun 

• Staff Development 

• Textbooks and Instructional Materials 

• Equipment and Facilities 

• Research 

• Linkages. 

Science and Technology Plan (STP) 

Efforts to build a strong science and mathematics education was accelerated by the creation of the 
Presidential Task Force on Science and Technology (PTFST). It is a multi-sectoral task force composed 
of representatives from the '^overnmenl, industry and aeademia. Its mission is to formulate a Science and 
Technology Plan that will spur the Philippines to bceome a newly industrialized country by the year 2000. 
The Science and Technology Plan is a comprehensive sectoral action plan for manpower development in 
science and mathematics. It hopes to attract the youth towards careers in science. PTFST, in turn 
recommended the formation of the Science and Teehm)logy Coordinating Council (STCC) to assist 
PTFST and coordinate in the implementation of S & T Plan. STCC is assisted by two panels, namely, the 
panel for Higher Level Manpower Development and for Science and Mathematics Education. The 
sectoral panel i. Science and Mathematics Education is now working on the details of setting up a net work 
of high schools. The strategy it hopes to follow in order to achieve its objective is to: 
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• idcnliry ihc lead implcmeniaiian agencies; and 

. study leaching-lraininginsiilulions programmes like the Institute fur Science and Mathematics 
Education Development (ISMED) and Philippine Normal Ct^Uegc (PNC) from which future 
teachers will eomc by minimizing education course requirements, whieh would make a teaehing 
eareer attractive to science majors. Scct^ndary schools which play a key role in developing 
scientists will also be studied. Aelivities whieh identify science talents, such as science quizzes, 
fairs, etc. will be studied. From the results of the assessment, these institutions will be linked 
into a strong network, iis manpower, science materials and laboratories and other resources will 
be developed. 

Scleelionofschools which will form the network was done on the basis of their needs, such as teacher 
training, science equipment and str<uigcr science environment for students and teacher. Moreover, these 
schools are mainly located around a tertiary institution whieh will serve as a node of the network. Some 
lead pcrsonsandinstituticmswcrcideiitincdandthcywillassistSTCChithc implementation of the Sc^^ 

and Technology Plan. 

The process of implementation for scbool year 1987-1988 reported major policy and sectoral 
developments supportive of the policies and ihrusts in education and training. Certain key indicators were 
identined. The overall enrolment performance at 97.16 percent fell short of the Plan target. This shortfall 
maybe attributed by peace and order and poverty- related problems, particularly in the rural areas. 
Achievement in elementary and secondary levels was higher than the Plan targets. Uteracy rates had 
Increased. However, Senator Edgardo Angara, Chairman of the Senate Committee on Education, 
expressed in an interview that the scientific literacy of a seventeen year old Filipino is only equivalent to 
the seicntinc literacy of a 10 year old Singaporean boy. Teacher-pupil ratio of 1.33 in 1987 exceeded the 
1.32 ratio of 1986. Textkwk- pupil ratio of 1.2 was maintained. 

Major reforms were instituted to achieve quantitative expansion and qualitative improvemcn* in the 
educational system. Salaries of teachers of locally funded high schools were nationalized. This is in 
preparation for the implementation of the no tuition policy in public secondary schools starting in School 
Year 1988- 1989 which had been signed into law (Free Secondary Education Act). Scholarships and loan 
grants to 16,061 qualified students were increased. The Science Scholarship Fund which provides 
additional scholarship assi.stance to poor but deserving students who have the aptitude for science was 
being discussed. Science and Mathematics teachers were trained by the Regional Science Teaehing 
Centres (RSTCs) which prtwidcd in-service and diploma programmes to these teachers. 

DECS, on its part, issued an order for a moratorium on the establishment of barangay high schools, 
to arrest the proliferation of substandard barangay high schools. About 30,285 out-of-sehool youths went 
back into the school system through the Philippine Equivalency Placement Test (PEPT). Educational 
opportunities were extended to cultural minorities by accrediting 15 Muslim Madrasah schc ols m Region 
I employing para-teachers in Cotabalo, and setting up of tent schools and walking blackboards in the 
remote areas of Regions 1, IX and Xll. Mixed classes were set up in areas where the schools' student 
population did not meet the grade-to-grade class si/c requirement. The educational service contracUng 
scheme was adopted in Regions Vlil & Xll. This selieme is an alternative delivery system which is 
innovative and cost-effective. It allows private schools to take in students who cannot be accommodated 
in the public schools. The construction of additional classrooms was minimized and maintained the 
fmancial viability of private schools. A wider access lo education increased enrolment to 14.4 million. 

Training programmes were geared in developing the expertise of qualified teachers and enhance 
the use of tcchn()logy for countryside developmenl. These covered secondary science equipment im- 
provisation refresher eour.scs in secondary Physics and Chemistry, intensive courses in Mathematics, 
Chemistry, Bk.logy and a technician course for science equipment. Eight satellite schools were added lo 
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Ihc 13 RSTCs lo widen the coverage of the leaeher training programmes in the sciences, partieularly in 
the depressed and Tar (lung areas. 

Implications for Curriculum Development 

'^Education is a public fwiciion, it is a need as well as arighL *'This was the strong view arlieulaled by 
the Fund for Assistance in private Education (FAPE) President Abraham Felipe during a round table 
discussion of the Asian Pacide Educational Programme for All. This program seeks to bring education to 
all by Iheyear 2000. Yet, Felipe noted that the traditional system is bent in developing people for the labt>ur 
market which encourages emigration al the expense of the students* rural communities. In this aspect, 
schools must produce citizens equipped for effective participatory citizenship and committed to the needs 
of the country. Thus reforms in the secondary school curriculum is needed. In 1989 the Secondary 
Education Curriculum was developed through multi-secloral conRultalions and conferences. The objec- 
tives of the new curriculum arc lo : 

• develop an enlightened cominilmcnt to the national ideals by cherishing, preserving and 
developing muial, spiritual, and socio-cukural values as well as ulher desirable aspects of the 
Filipino heritage; 

• obtain knowledge and form desirable altiludes for understanding the nature and purpose of 
man, and therefore, of one' self, one's own peuple, and other races, places and limes, thereby, 
promuling a keen sense of self, of family and of national and inlernational communities; 

• develop skills in higher intellectual operations and more complex comprehension and expics- 
sion activities, and in thinking intelligently, critically and creatively in life situations; 

• acquire work skills, knowledge and information and a work ethic essential for making an 
inlenigent choice of an occupation and for specialized training in specific occupations; and 

• broaden and heighten one's abilities in and appreciation for the arts, Ihescience, and technology 
as a means for maximizing one's potentials for self- fulfilment and for promoting the welfare of 
others. 

The new curriculum is sludcnl-ccnlrcd and community-oriented. Values are being integrated and 
designated learning competencies are identified. It is cognitive, affective, and manipulative based. 
Technology is emphasized in Science and Technology. There is emphasis on critical thinking to promote 
creativity and productivity. Science and technology subjects emphasize the practical application of 
scientilie facts and concepts. The leaching strategies suggested for the teaching of Science and Technology 
are the discovery and investigative approaches and Ihe Science Technology Society approach. Innova- 
livc/creatwe activities to encourage imaginative and scientific experimentation and discoveries arc 
suggested. Scientificsurveysoflhc immediate environment and related scientific concepts a re encouraged. 

To ensure the effectiveness of the new curriculum the materials were developed through a review 
of the 1973 textbooks and other instructional materials. Competencies for each year level were also 
validated. These were dune with the involvement of 

• curriculum writers from the university 

• supervisors, teachers and practiliuners 

• curriculum writers of the Bt^rcau of Secondary Educaliun 

• consultants from teacher training institutions, and 

• parents and non 'government groups. 
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The curriculum nialcrials were Iricd oul in 80 schools representing 6 lypcs of secondary schools, 
namely barangay, municipal, provincial, cily, vocalional, private sectarian and private non-seclarian 

The evaluation of Iryoul classes showed that the new curriculum was more elTcctive than the 1973 
RevLsed Secondary Education Programme. Pilot classes* scores from prc-test lo post lest increased. Pilot 
teachers oblained higher mean scores in competency tests than non-pilot teachers. 

Firsl year and second year texihtK)ks and teacher's manuals have been printed in lime for School 
Year m8^M9W. 

Self Development 

The different features of the new curriculum required the training of teachers. These features are 
the increased emphasis on technology, the new organization of subject, and the selling of desired 
competencies which must be mastered by teachers and students. Moreover, new strategies have lo be 
learned to teach values education and to promote critical, creative, and analytical thinking. 

Training of leachers for Ihe new curriculum followed the scheme usedby PRODED which was done 
by grade level (in SEDP it will be by year level). The training of regional trainers was followed by the mass 
training of teachers in all regions of the country. In preparation for the mass training of firs: year teachers, 
Centres of Excellence (CENTREXES) had been idcnlified lo train trainers. One of the CENTREXES 
is UP-ISM3D which handled the training of science and nialhematies trainers al all levels. !n addition, 
Regional Leader Schools (RLS) had been identified as centres for the mass training of leachers. Teacher 
Training Institutions (TTl) were also idcnlined to compliment the RLS. The training design for Ihe mass 
training were prepared by Regional officers, trainers, RUS and TTPs. 

Private schools were involved in Ihe training programmes. FARE handled the training for the private 
high school administrators, regional trainers and leachers. The mass training of the private high school 
teachers would be held simultaneously with the public school teachers. ISMED loo was commissioned lo 
train the science and mathematies private school trainers. Private school principals together with public 
schools principals/supcrvist^rs would be oricnicd on the new curriculum which is being held now at 
ISMED. However the intended clientele did not a)me hut inslcad send their teachers for ihis orientation. 

Staff development for the first year level was complclcJ in 1989 which was the start of the 
iniplementalion of the first year curriculum. Training of trainers and teachers fofelhe second year level is 
almost completed which prepared the second year teachers for the iniplementalion of the second year 
curriculum in School Year 1990-1991 . The training of third year trainers will be held this May 199(). 

The training of trainersandleaehcrs in allyear levcl&and for both public and private school leachers 
follow the .same programme. 

Special Features of the Training Programme 

Training of Rv^onal Trainers 

• One week orientation to values devclnpmciil focusing on personal qualities and using Ihe 
experiential approach. 

• One week for communication skills in English and Filipino. 

• Four weeks for content orientation lo include an update on content area, strategies and 
evaluation. 
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Private Schools 

• one monlh 

• Aciivitlcs cover values development (5 clays), technical training (21 days), and action planning 
(1 day) 

Mass Training of Firsi Year Teachers 

• Public: 3 days for values development, 3 days for comnpjiiicalion skills, and 4 weeks for subject 
area content to cover subject niiittcr, strategies and evaluation instruments 

• Private: 1 day for values orientation and 10 days for subject content, strategies and evaluation. 

A complimentary staff development programme was formulated to ensure the effective implemen- 
tation of the new curriculum. This programme includes the training by selected centres of public and 
private school Regional Trainers and the mass training of teachers for bolli public and private high schools, 
In addition leadership training for secondary school principals/administrators for both public and private 
schools and fellowship grants on short or long term basis were conducted. 

Physical Facilities Development 

Research findings of the country's physical facilities and equipment in secondary schools indicated 
inadequate physical facilities such as classrooms, laboratories, equipment, etc. which contributed to 
unsatisfactory student performance. There is also inequity and inadequacy in the allocation of resources 
especially at the local level. Thus there is a need to provide equipment and technical assistance especially 
for disadvantaged areas. 

Provisions for improved physical facilities and equiptn, at for SEDP included the SEDP Building 
Package. A package consists of a two-storey building including a '-votlf shop and a library. The workshop 
comes equipped with science and work tools. Other expected grants arc the 50 typhoon-proof buildings 
costing $10 M from the Japanese International Cooperation Agsney (JICA) and 186 buildings from an 
United Slates Agency for International Development (USAID) uiiolmcnt, and the setting up of the 
National Fabrication Centre and the distribution centres by the Gcrm<:n Gi <vernment* 

Issues in Planning and Implementation 

A number of issues will continue to ainfront the educational system in the remaining years of the 
1988-1992 Plan. These are as follows: 

Resource generation 

This issue is considered to be the biggest challenge to the education sector because of the competing 
claims of various subscctors on the meagre resources. Additional budgetary support is needed for various 
activities i.e. full implementation of free secondary education and the financing of the SEDP. 

One area where resources for basic education may be tapped is higher cducalion. Expenditures in 
state colleges and universities (SCU), must be rationalized. The rationale for the proposed solution is that 
SCUs account for only 23 per cent of the total higlicr education enrolment and the unit cost per student 
per year is high. Moreover, SCUs rely on secondary education enrolment for their existence. Other 
alternatives to make better use of SCUs resources arc to allocate SCUs resources to programmes and 
services which arc not provided by the private sectors such as graduate programmes, basic researchr etc. 
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and to work oul a mechanism for prioritizing SCUs. Savings generated ean be channelled lo basic 
education. 

The policy of the integration of private education which makes private education a partner of the 
government may be implemented. The private sector may serve as a resource which can be used lo meet 
the demands of dcvelopmenl. 

Necessary adjustments have tohe made in education manpower and labour with the limited resource 
availability. In the light of these limitations, a temporary moratorium in the conversion of barangay high 
schools into national high schools and of public secondary schools into colleges and universities was 
proposed. The financial plan for the educational system was di awn by the restructuring of the Special 
Education Fund, a larger share of the Salary Adjustment Fund, and the education lottery scheme. 

Education personnel were encouraged to participate in the national productivity programme siieh 
as textbook writing, production of desks, equipment, and items needed by schools. Teachers were given 
flexible schedules so that all teachers can be engaged in income-generating activities. However, sufficient 
guidelines will be provided so that the quality of leaching will not be affected. 

Increasing mismatch of supply and demand 

This issue was brought about by the shift in the skills demands of new industries and technology. 
Plans, policies and programmes should consistently respond to this issue and influence the country's 
population characteristics and movements to check the uneven distribution and access to employment 
opportunities. Linkages between industrial plants and educational institutions must be established. 
Courses should be made relevant to the needs «)f industry and improve the employment prospect of 
graduates. 

Difficulties encoumercd during the implementation were gathered from personal interview with 
certain trainers and administrators involved in the mass training pn)grammes for the lower secondary 
level. These were: 

. Utc arrival of textbooks and teacher' s manuals for the training f.^riod. 
. Lack of projection in the distribution of textbooks and teacher* s manuals to region/schools. Not 
all areas received the books, or if ever they received the books, these were in limited amounts. 

• Lack of trained personnel to observe and gather feedback for the mass training programme. In 
some regions nobody observed in the succeeding (first and second) training periods. 

• None or very little background in the Earth Sciences was incorporated in the first year 
curriculum. 

• Lack of equipment in most barangay schools. 

• The free secondary education programme created large class sizes, averaging 60-70 students in 
a class. Cost cutting measures such as the limited hiring of additional teachers had aggravated 
the problem since teachers were handling 7 to 11 classes. As a result teachers were tired, 
overloaded and underpaid. 

• On the administrator's side, difTicuUics in scheduling of classes and loading of teachers were 
encountered. This was brought about by curricular changes like the lime allotment given to 
subject areas. Science is now taught 60 minutes/day while the non-science subjects except 
Technology and Home Economics are taught 40 minutes/day. This results in the overloading of 
science teachers compared with the non-scicnce teachers. To solve this problem, the time 
allotment for non-science subjects was raised to r>0 minutes a day. 
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Science I CurricuSum at Secondary Level 

The Science I curriculum is exploratory and mulli-disciplinary in nature. U is developed around basic 
principles and concepts of chemislry, physics, biology and I he earlh sciences. !l is intended first to serve 
as a link from the cicmenlary to secondary science courses and sccoiitd as an inlroduetory course for the 
biology, chemistry and physics subjects. Us major objective is to develop technological consciousness and 
scienlifie literacy among the students who could assist in nation building. Activities are made more 
meaningful when scientific concepts and principles arc made to connect with studenl*s daily living 
experiences. The relevance of technology and itsproducts arc emphasized. Specific examples of seicntifie 
studies mostly about the Philippines in focus arc incorporated. For example a scientific study on tllapia 
is discussed in detail to illustrate all steps in the scienlinc method. Following are exocrpts from Science 
and Technology I textbook, 

**Wien is a study called scientific? A siiuiy of tilapiQw Tilapia, 
afoodfish commonly snen in local markets, hasbeen subject of scientific and technolo^cal studies to improve 
its size, increase its meat content, and speed up its growth to full size, Dr Deogracias Villadolidt a Filipino 
ichthyoiogist ( ascientist who sf^cializes in the study of fishes), brougfu the tilapia to the Philippines sometime 
afierWoHdWarIL 

"Recently a team of ichthyologists in Hadera, Israet, discovered a technique of changing the sex of a 
population of young tilapia in a container tank to almost all male,... Male tilapia is desired because they grow 
faster and develop more meat than 'he females. The process of rlianging the female to male, known as sex 
inversion, consists of feeding thorn on an androgen diet 

"Tiie sex immersion j)roccss is expensiw. It requires die use of concrete tanks, large amounts of water, 
and a supply of food and androgen for the fast-growing tilapia,,,. 

One ichthyologist made the hyimhesis that sex inversion *'ould be done with much less expense by 
placing them in a natural body of water such as a river, pond, or lake... 

""To try out his hypothesis, he planned an experiment using three cages sunk in a natural pond and one 
concrete tank filled with water. 

(From Cortes, ctal, Integrated Science and 
Technology for a Better Life I, 
Basic Media Syslemfi, Manilla, 1989) 

The Science I curriculum Is technology and environmentally oriented. Desired learning competen- 
cies are prescribed for First Year Science. The competencies expected of students at the end of the first 
year science and technology programme are: 

/. Introduction to Science and Technoiofjy 

• Appreciate the contributions to science and technology of outstanding Filipino scientists. 

• Demonstrate knowledge of the processes of science in solving simple problems in daily life. 

• Appreciate the scientific values of opcn-mindedness, orderliness, patience and sharing ideas 
with others. 

• Appreciate knowledge of how science and technology a(Tccl human beliefs, practices and ways 
of thinking. 
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11. Some Forces Around Us 

m Dcmonslratc undcrsianding of force and work. 

• Develop skill in measuring forces. 

• Appreciate ihe imporlanec of using standard measuring instruments and units of measure. 

• Demonstrate inlellectual honesty and accuracy. 

///. Investigating Matter 

. Demonstrate understanding of the properties, idcnliricalion and classification of matter. 
« Appreciate the use of models to explain the behaviour of matter. 

• Demonstrate skills in measuring properties of matter. 

/K Fomts and Transfomiadon of Etiayy 

. Demonstrate understanding of energy, its forms and transformaU'on. 

• Appreciate the importance of using energy wisely. 

• Demonstrate understanding of the energy sources in the Philippines and their uses. 

« Demonstrate awareness and understanding of natural events and phenomena made possible by 
energy transformations and biogco chemical cycles of matter in the environment, and concern 
for their disruption through human intervention. 

y, Clianges Occur Naturally 

• Dcmonstrale understanding of physical and chemical changes. 

• Demonstrate understanding of the changes occurring in the lithosphcre, hydrosphere and 
atmosphere. 

• Understand the implications of physical and chemical changes for the environment and for man. 

VI. Living Vungs and Timr Emironmeni 

• Understand the interactions of living things with their environment. 

• Appreciate how nature maintains balance at the individual, population, community and ecosys- 
tem levels or organization. 

• Gain understanding of the scientific principals and methodology in f reventing environmental 
degradation. 

• Manift St appreciation (»f man's role in improving, conserving and protecting the environment. 
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VII. Earth's Place in the Univcise 

• Demonstrate understanding uf the solar system. 

• Understand the efreels of carlh*s motion, shape and inclination on time and seasonal changes, 
« Appreciate the influence of science and technology on space exploration. 

Evaluation of Student Achievement 

Quizzes, periodic tests and dcparhncnlal examinations are mostly cognitive evaluation ofsludent^s 
achievement. These are teaeher-made tests which are usually of the objective lype. Quizzes may be given 
daily or weekly. Periodic tests and departmental examinations are given at every grading period (usually 
every 3 months). 

There are no public examinations at the end of the elementary level. A public examination, National 
College Entrance Examination (ISfCEE) Lsgiven to all students who finish the secondary level of education. 
This examination is conducted by ihe National Educational Testing Centre of the Department of 
Education, Culture and Sports, Students who pass the NCEE can qualify for admission in the institutions 
of higher learning. 

Evaluation of the students behaviour and altitudes are included in the student's report card. These 
behaviours are punctuality, personal cleanliness and grooming, sociability, cooperation, industry and 
courtesy are examples which the students may be rated. The ratings are in the form of qualitative 
descriptions such as poor, good and outstanding. 

Practical work are seldom evaluated or not at all. Some teachers may evaluate practical work through 
the use of pencil and paper test or in the form of laboratory reports submitted to every activity/experiment 
performed by students. Some teachers arc reluctant to accept the difTcrent ways of evaluating praclzcal 
work because of the difficulty of the evaluation instruments and much time constjmcd because students 
have to be tested individually. 

Teacher Education 

In the light of major reforms in the educational system, the Sectoral Action Plan for Manpower 
Development outlined the main strategy for science and mathematics development at the secondary level, 
Ineluded in this strategy arc !ie teacher-training programmes. 

Two kinds of teacher training on programmes were identified. These were the certificate program- 
mes and tbe diploma programmes. The ccrlirieale programmes are geared for teachers with little or no 
preparation in the science field ihey are leaehing,This will be offered for two summersor part-lime studies 
over three semesters. The diploma programmes arc for teachers who need strengthening or upgrading 
since they have some preparation in their science fields. These will be offered in all fields and it is hoped 
that teachers move on from the certificate to diploma programmes. Very few slots are allotted for the 
master's programme. Major effort of the Plan will be in ihe certificate and diploma programmes than in 
the master programme since it has been the experience that teachers who finished the master's programme 
go into college tcaehing. 

Allotment for the two programmes showed that the certificate programmes are for teachers in 
physics and chemistry. For the 2 summers about 140 teachers (60 per year in physics and 80 per year in 
chemistry) will be trained fi>r the first year and 200 teachers for the second year. For the part-lime three 
semester programme, again 140 teachers (ftO pliysici; teachcrs/year and 80 chemistry year) will be trained 
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for the firsl year. Then for Ihe second year. 200 icaehers for the first semester and 140 teachers for the 
second semester. 

For the diploma programmes, a lolal of 360 teaehers wili be t rained for a year .This is a rough estimate 
based on the leacher-lraining institutions eapabilities, availability of teaehers who ean be freed from their 
sehools for one year, and availability of funds. Breakdown of these teaehers to be trained are: 



Mathematics 



100 a year 



Biology 

Chemistry 

Physies 

Integrated Seicnee 



80 a year 



60 a year 



60 a year 



60 a year 
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The Educational System ^ 

The Thai cdiicalional system is 6-4-4 (six years at the primary level, three years at the lower secondary 
level, and three years at the upper secondary level). Educational administration is centralized. All schools 
throughout the country use ihc same curriculum authorized by the Ministry of Education. 

Compulsory education is six years. At present^ about 95 percent of the children in the 6-11 year age 
group are enrolled in primary schools. 

However, secondary education in Thailand is not compulsory. In 1989, about 47 percent of the 
children in 12-14 year age group were enrolled in the lower secondary level (grades 7-10) and about 38 
percent of the 15-17 year age group were enrolled in the upper secondary level. Study at the secondary 
level depends on the parents' altitude; finance and the student's ability. 

Education after the secondary level leads to two types of programmes; the four-year bachelor degree 
program, and the one to three year diploma programme. There are about 79 institutions which now offer 
the bachelor*s degree. These include 36 teacher colleges, 27 private colleges, 14 public universities and 2 
open universities. 

Entrance to any public university is very com pctitivc since only about 20*30 percent of the applicants 
can be accepted. For example, in 1989 the institutiiVis of higher learning accepted only22,282 out of 93,341 
applicants. An entrance examination is the mahi criteria used to select applicants. 

The one to three year programmes arc offered in more than 100 institutions. These programmes are 
aimed at training technicians and skilled workers. 

Graduate programmes are offered at most universities. Enrolments in graduate programmes are 
increasing rapidly. 

Science Teaching in the Secondary Schoois 

There are three levels in the lower secondary education programme Ml, M2 and M3 (equivalent to 
Grades 7, 8 and 9). At present, science is a required subject for all students in all grades and is studied 
four periods a week. The science course offered is an integrated science rather than separate disciplines 
such as chemistry, biology or physics. 

In 1991, science will be required for only three periods a week for all lower secondary students in 
all grades. Schools a^e encouraged to offer more science elective courses. Students may be allowed to 
select to study science up to 10 periods a week. The elective science courses are more locally oriented. 
Each school can develop its own science course or can select any other science courses for their students. 
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It is expected that the study of seicnee, by this approach, will be more locally oriented, and will be more 
relevant and suitable for the students* interests, needs and abilities. 

At upper secondary education (Grade 10-12) students who plan to further their education in science 
or science related fields would be guided to take disci pline science courses such as chemistry, biology and 
physics up to 10 periods a week for the whole three years. 

Students who plan to terminate ihcir studies upon graduation or further their education in fields not 
related to science are required to take science three periods a week for two years. Physical and Biological 
Science (PBS) is specially designed for these iion-scicnee students. The PBS curriculum is a modular 
approach and emphasizes more on social issues, the environment, and consumer science. There arc 14 
independent modules. Students arc required to study eight modules in any sequence of four semesters in 
three years. The fourteen modules are: Solar Energy, Light, Colouring Matter, Electrical Appliances, 
Invisible Rays, The Earth and Stars, Synthetic Materials, Sound in Everyday Living, Natural Resources 
and Industry, Good Living, Medicine and Life, Our Body, Evolution, Heredity and Environment. 

The Lower Secondary School Science Curriculum Development 

One of the most important movements on school science education in the history of Thailand was 
the establishment of the Institute for the Promotion of Teaching Science and Technology (IPST) in 1972. 
Many new science curricula have been developed and implemented. The first IPST lower secondary school 
science curriculum was implemented in 1977 and revised in 1988. The revised curriculum is more 
technologically oriented. Activities on practical problem solving concerning student's own communities 
were added. For example problems of hygiene and drinking water for a particular community arc posed 
to a group of students to solve them mentally and practically. Other examples of community problems 
which arc recommended for students to solve arc: Soil Quality, Water Quality, Surplus of Agricultural 
Production in a Particular season. Food Habits Problems of some Minorities, Misuse of Particular 
Woodland Areas, and problems of Making Fish Sauce in some areas etc. 

The Lower secondary school science curriculum is developed by The General Science Design Team 
which is a division of IPST. The team is made up of classroom teachers, supervisors, teacher college 
instructors and university lecturers who were recruited as a seconded staff to work part-time with the IPST 
permanent staff. 

The initial decisions concerning the overall organization and philosophies of the new curriculum 
were made after conducting seminars and after the team completed intensive studies of materials which 
have already been produced in other countries. The curriculum however, does not follow any pari icular 
curriculum from another country. Writers have attempted to develop a Thai-oriented modern science 
programme for Thai students. The conceptual scheme of science at the lower secondary school level is 
shown in fig 1. 

The lower scamdary school science courses arc interest motivated and involve students in doing 
science, identifying problems and looking for methods of solving them. All curriculum materials and 
activities arc designed to enable students to ob.serve their environment, enrich their experiences, and 
develop skills such as observing, communicating, measuring, hypothesizing and experimenting. Through 
doing science students gain knowledge of sciciitific facts and principles and have a better understanding 
of nature and their environment. The practical experience of doing science also develops students* 
scientific attitudes in hopes of attaining a rational outlook, open mindedness, persistence, co-operative- 
ness, critical and tolerance of opinions, lu^ncsiy in presenting observations, etc. 
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Fig /. Conceptual Scheme of Science at Lower Secondary Schools in Viailand (Science Education in 
Secondary School in Thailaiul Or Nida Sapianchaijonner Director of IFST) 



In curriculum development at IPST, four areas are developed concurrently: the students' books and 
teachers' guides, the evaluation, the teacher training and the development of equipment. The IPST 
approach is shown in figure 2. 

Students Books and Teachers' Guides: 

The former Director of IPST Dr. Nida Saplanchai described the specific characteristics of IPST 
students' books and teachers' guides as follows: 

^Vte students* books contain many activities and experiments around which questions are asked and 
the students find the answers from observation and from analysis of experimental results, Hie questions were 
constmcted following analysis of the mental and manual operations required to develop scientific and 
mathematical concepts, Tiie questions guide the student's teaming and place him in the role of the discoverer 
Vie teacher directs the operations^ controls the pace and provides assistance when the student or group g^ts 
stuck. Vie teaclwralso consolidates areas of the subject in more formal presetitations. The students* book is 
not intended to provide the complete story, it is not a text in the traditional sense but a guide to learning, " 

"Vte teachers* glides compliment the students* book by providing most of Vie answers to the questions 
and by high limiting the important aspects of each section. It gives the teacher additional background material 
and infomtation on pacing the progwnmct and on the advance, preparation necessary for each experiment, 
Tlie glides suggest outlines for pre- and posi-lab discussions and illustrate how the major concepts in the 
course might be linked together. " 

Evaluation 

The teachers* guides contain many test items that have been tried in (rial schools. It sets out the 
method of writing items and encourages the teacher to write his/her own items. Teachers are encouraged 
to assess students' achievements in all three domains namely cognitive, affective, and psychomotor 
domains. 



Curriculum Materials: 
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Fig Z Development of fPST science cunicuhim materials 
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The IPST In-service Training Programme 

Teachers who would leach the IPST curriculum are the same teachers who formerly taught 
traditional science. They arc familiar with traditional science topics and traditional leaching styles. This 
creates the most difficult problem in developing the new curriculum at IPST. AI! curriculum developers 
at IPST realized that the . .ess of their work depended upon how well they could train these teachers. 

IPST has devoted great effurt in developing the most cfffelent in-service training programme within 
the limitations of budgets, manpower and time. Teachers needed lo be trained in many areas: renewal and 
extension of science content, use of new equipment, management of experiments, and teaching with a new 
style. 

The programme has been developed to ensure that teachers: 

• have a sympathetic altitude lo the new teaching approach; 
« understand ihe subject matter; 

« know how to use the new materials includmg the visual aids aiid laboratory equipment. 

As part of the programme, IPST adopted a teaching approach which integrated content with 
method. Instructors use the methods Ihcy would like to sec teachers use. Teachers, during much of the 
in-service training programme acted as higli school students while instructors acted as high school 
teachers. With this technique, teachers are expected to learn science content and methods of teaching 
simultaneously. However a few special lectures on science content, leaching techniques, and evaluation 
techniques are offered. In addition to these, teachers have opportunities to; 

• perform all experiments which they will have to manage in the classroom; 

• observe and use videotape, audio slidc-tapcaudio flimstrip and programmed instruction book- 
lets about the classroom management of experiments, laboratory safety, etc. and 

• discuss the IPvST philosophy and objectives of science teaching, together with its evaluation. 

It could he claimed that the dcvelopmcnl ^ f this lower secondary school science curriculum was 
among the most important curriculum developments in Thai educational history. All science content have 
been carefully selected. It is up-to-date and designed spccirically for the Thai society. 

The inquiry leaching approach was ijitroduced and teachers were strongly encouraged to use h. 
Teachers attended 3 - 6 weeks of the IPST in-service teacher training programme at IPST or at the local 
centres before teaching any IPST courses. The emphasis on the laboratory led the IPST general science 
design team to search for experiments and lo invent new, inexpensive school science equipment which 
required the use of local materials. 

However, 3 - 6 weeks of in-service training did not necessarily mean that all teachers could teach 
the IPST courses satisfactorily. This was only the beginning. Many teachers still needed help on a more 
continuous basis. 

IPST Science Equipment 

Before the establishment of IPST most of the science equipment used in scltools were imported. 
Now 90% arc made in Thailand IPST has its own Equipment Design and Production Team (EDPT) to 
develop equipment prototypes. In developing science equipment prototypes, the EDPT works in close 
co-operation with the Curriculum Design Team (CDT). The CDT provides necessary information about 
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the functions of each piece of equipment to be used. EDPT designs and makes equipment prototypes 
according to the requests using some criteria that each equipment prototype should: 

• ^ve rcfinlts in accordance with the objectives; 

• be used easily and safely, and without any complications, and it should provide apparent results; 
t be able to be manufactured inside the couutry using local materials and in country technology; 

• be used in more than one experiment, the accessories of one set of equipment can be used with 
another; 

• be kept in the form of a kit, equipment frequently used in the unit should be in the same kit; 

• be inexpensive and durable. 

The working process of designing and developing science equipment is shown in the following 
diagram Fig. 3): 

CDT provides details about equipment requirements 

i 

EDPT makes rough drawings of the equipment 
and specifics materials used 

i 

Together CDT and EDPT discuss the drawmg 

EDPT produces 2 - 3 equipment prototypes 
J/ 

CDT and EDPT tries out the equipment prototypes 

i 

EDPT produces equipment prototypes 
to test in schools 

i 

CDT and EDPT do the foliow up 
of equipment prototypes used in schools 

i 

EDPT makes detail drawings of the equipment 
and sends them to Ongkanka* for mas production 

i 

CDT and EDPT follow up the use of 
the equipment in schools throughout the country 



Fig 3. The IPST Equipment design and Production Process. 
CDT = Curriculum Design Team 

EDrr = Equipmenl Design an<J Production Team 

• Ongkanka is ihc business sccUon of the Teachers Association of Thailand. 
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According to the working proccss,lhc EDPT does only research and development of science 
equipment prototypes. The ma&s production is under the charge of the Ongkanka,a business section of 
the Teachers Association of Thailand. However the EDPT and Ongkanka work in close co-operation, by 
having a Co-ordination Committee which meets frequently. 

Generally, Ongkanka produces equipment following ihc design of IPST. However if Oiigkanka 
wants to change t!?- design to be more suitable for mass production, the design can be negotiated with 
IPST for consideration and permission. EDPT provides academic assistance to Ongkanka especially on 
quality control. 

The EDPT has already designed more than 300 equipment prototypes both for school science and 
mathematics teaching. 

The design of the inexpensive and locally manufactured science equipment not only makes the 
equipment affordable, but also creates the industry of science equipment production inside the country, 
using local materials. 

Having EDPT working in close co-operation with the Curriculum Design Team provides more 
Oexibility in curriculum development. The Curriculum Design Team can design activities freely since the 
equipment needed can be developed as desired. 

Implementation 

The IPST lower secondaiy school science curriculum was first implemented in 1977 with an intensive 
follow up programme. The first revision of this curriculum was done in 1988, It was expected before 
implementation that teaching techniques and budgets for equipment and consumable materials would be 
two main problems that would face the iniplemcntation. The first problem has been solved through the 
IPST organised in-service training. In addition, elaborate teach ers'gu ides have been produced by IPST to 
assist the teachers in their teaching. It is also learned from the follow-ups, that these teachers' manuals 
have been of tremendous help to the teachers. 

School budgets for equipment and consumable materials p»'se a serious problem. To help the 
schools, the IPST has designed low cost experinenls using inexpensive equipment. Students use alcohol 
burners instead of gas burners, measuring spoons as balances, syringes as measuring cylinders. Every 
group of three students is provided a student kit which contains basic equipment. The IPST has every 
reason to be proud of its designing of prototype equipment to lower the production cost and render 
possible the local production. 

The implementation of curriculum in such developing countries as Thailand tells us that teachers 
are the most important mechanism. The training programmes conducted to help them acquire the 
necessary skills and confidence, are of utmost importance. In this connection, equipment and teaching 
materials must be readily available so that the schools can purchase them at reasonable prices. The 
teaching/learning will never achieve its goal if the whole process relics solely on the teachers inprodueing 
the equipment and materials needed. 
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Victoria, Australia 

Dr. J.S, Rajput 

Joint Edueulioniil Adviser 
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The Asia nnd Pacific Programme of Educftllonal Innovation for 
Development (APEID) has as its primary goal to conuibute to the building of 
national capabilities for undertaking educational innovations linked to the 
problems of national development, thereby improving the quality of the people in 
the Member States. 

All projects and activities within the framework of APE© are designed, 
developed and implemented co-operatively by the paracipaiing Member States 
thiQugh nearly 200 national centres which they have associated for this purpose 
with APEID. 

The 29 Member States participating in APEID are Afghanistan, Australia, 
Bangladesh, Bhutan, China, Democratic People's Republic of Korea, Fiji, India, 
[ndonesia, Iran, Japan» Lao People's Democratic Republic, Malaysia, Maldives, 
Mongolia, Myanmar, Nepal, New Zealand, Pakistan, Papua New Guinea, 
Philippines, Republic of Korea, Samoa, Socialist Republic of Viet Nara,Sri Lanka, 
ThaUand, Tonga. Turkey and Union of Soviet Socialist Republics. 

Each counuy has set up a Natfonal Devetopment Group (NDG) to identify 
and support educational innovations for development within the country and 
facilitate exchange between countries. 

The Asian Centre of Educational Innovation for Development <ACEID), 
an integral part of the UNESCO Princ ipal Regional Office for Asiaand the Pacific 
in Bangkok, co-ordinates the activities under APEfD and assists the Associated 
Centres (AC) in carrying them ouL 

In the fourth cycle of APEID (1987-199 1 ), seven programme areas have been 
selected for the purpose of concentration. These arc: 

1. Universalizaiion of primary education 

2. Ccnunuing education 

3. Educatioa and the world of work 

4. Restructuring secondary educatwn 

5. Educational technology and information technology 

6- Training of per«>imel including professional support scrvicesand distance 
education 

7. Science and technology education including science for all. 
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